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ABSTRACT 


The  Presque  Isle  quadrangle  in  northern  Aroostook  County, 
Maine,  is  underlain  by  folded  Paleozoic  rocks  that  range  from 
Middle  Ordovician  to  Middle  Devonian  in  age.  The  section  is 
not  complete  inasmuch  as  unconformities  separate  some  of  the 
stratigraphic  units. 

The  Ordovician  rocks  in  the  Presque  Isle  quadrangle  and  in 
the  Ashland  quadrangle  to  the  west  are  of  two  markedly  con- 
trasting lithologies.  Near  Castle  Hill  the  Ordovician  consists 
of  two  units.  The  older  unit  (Ovs)  contains  volcanic  rocks,  black 
graptolitic  shale,  chert,  and  graywacke  and  is  of  mid-Caradocian 
(Trenton)  age.  Disconformably  overlying  it  is  the  Pyle  Moun- 
tain argillite,  composed  of  calcareous  siltstone  and  argillite  of 
Ashgillian  (Richmond)  age.  The  Ordovician  rocks  east  of  the 
Castle  Hill  area,  which  belong  to  the  ribbon  rock  member  of  the 
Meduxnekeag  formation  are  calcareous  rocks  of  mid-Caradocian 
(Trenton)  and  possible  Ashgillian  (Richmond)  age.  Litho- 
logically  similar  rocks  in  the  Gaspe  Peninsula  of  Quebec  (White- 
head and  Matapedia  formations)  are  of  Ashgillian  age. 

In  Castle  Hill  and  Wade  Townships  the  older  Silurian  rocks 
(Frenchville  formation)  consist  of  calcareous  sandstone  and  con- 
glomerate of  Upper  Llandovery  (C4-C,)  age.  A  disconformity 
separates  them  from  the  Ordovician  Pyle  Mountain  argillite. 
Unnamed  Silurian  limestone  of  C,-C-  age  occurs  east  of  Castle 
Hill  between  the  Meduxnekeag  and  Perham  formations. 

The  upper  member  of  the  overlying  Perham  formation  is 
chiefly  calcareous  siltstone,  shale,  and  limestones;  it  grades  into 
its  lower  member,  which  is  composed  chiefly  of  argillite  contain- 
ing scattered  manganiferous  and  iron-rich  beds.  The  upper 
member  of  the  Perham  formation  contains  fossils  of  Lower  Lud- 
low (approximately  Salina  or  Bertie)  age.  The  lower  member 
unconformably  overlies  three  units:  the  Pyle  Mountain  argillite 
(Ashgillian  age),  the  Frenchville  formation,  the  Meduxnekeag 
formation,  and  the  unnamed  Silurian  limestone  of  C.-C,  age. 
The  top  of  the  lower  member  contains  fossils  which  cannot  be 
younger  than  the  Wenlock. 

The  Perham  formation  is  overlain  disconformably  by  the 
Dockendorff  group  of  Upper  Gedinnian  (New  Scotland)  age. 
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This  group  contains  the  greatest  thickness  of  New  Scotland  age 
rocks  known  in  the  Appalachians.  At  the  base  of  the  Docken- 
dorff  group  is  the  Hedgehog  formation,  composed  chiefly  of 
light-  and  dark-colored  volcanic  rocks.  The  Edmunds  Hill  ande- 
site,  the  Chapman  sandstone,  and  the  Swanback  formation  over- 
lie the  Hedgehog  formation  and  are  gradational  laterally  into 
one  another. 

The  Mapleton  sandstone,  of  probable  late  Middle  Devonian 
age,  consists  of  reddish  sandstone  and  conglomerate.  It  uncon- 
formably  overlies  the  Dockendorff  group. 

A  small  granitic  pluton  and  a  small  swarm  of  teschenite 
dikes  are  intrusive  into  and  have  locally  baked  rocks  of  Silurian 
age.  The  age  of  the  intrusive  rocks  is  not  established,  although 
they  are  believed  to  be  of  Middle  Devonian  age  or  younger.  Di- 
abase also  is  present  locally  and  may  be  related  to  some  of  the 
dark-colored  extrusive  rocks  of  the  Hedgehog  formation. 

Most  of  the  Presque  Isle  quadrangle  is  underlain  by  the 
Chapman  syncline.  The  rocks  within  the  Chapman  syncline  are 
not  closely  folded,  probably  due  to  the  competent  nature  of  the 
great  thickness  of  volcanic  rocks  of  the  Hedgehog  formation  that 
are  within  this  fold.  To  the  northwest  of  the  Chapman  syncline 
is  the  small,  northerly  plunging  Castle  Hill  anticline,  which  ex- 
poses strata  of  Caradocian  age  in  its  core. 

New  Scotland  age  rocks  in  the  northern  Appalachians  have 
been  recognized  in  a  relatively  narrow  belt  that  extends  more 
than  250  miles,  from  Chaleur  Bay  southwest  to  Somerset  County, 
Maine.  This  belt  is  characterized  by  a  central  zone  of  rocks 
more  than  2,000  feet  thick  and  containing  abundant  volcanic 
rocks.  The  margins  of  this  New  Scotland  age  belt  are  less  than 
2,000  feet  thick,  and  volcanic  rocks  are  uncommon  within  them. 

A  regional  analysis  of  the  evidence  for  the  dating  of  the 
Acadian  and  Taconic  orogenies  has  been  made.  Judging  by  the 
age  of  the  Mapleton  sandstone,  the  main  phase  of  the  Acadian 
orogeny  in  northern  Maine,  northern  New  Brunswick,  and  ad- 
jacent Quebec  was  of  latest  Early  Devonian  or  late  Middle 
Devonian  age,  followed  in  later  Middle  Devonian  or  Late  De- 
vonian time  by  an  interval  of  gentle  folding.  The  occurrence  of 
Ashgillian  age  strata  in  eastern  Quebec,  northern  New  Bruns- 
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wick,  and  in  the  Presque  Isle  and  Traveler  Mountain  quadrangles 
of  northern  Maine  suggests  that  in  the  northern  Appalachians 
the  Taconic  orogeny  may  represent  more  than  one  interval  of 
orogeny  and  uplift. 


QUADRANGLES 

1  PRESQUE  ISLE 

2  PORTAGE 

3  CARIBOU 

4  FORT  FAIRFIELD 

5  MARS  HILL 

6  BRIDGEWATER 

7  HOWE  BROOK 

8  OXBOW 

9  ASHLAND 


Figure  1.  Index  map  showing  locations  of  Presque  Isle  quadrangle  and 
adjoining  quadrangles  in  northern  Maine. 
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INTRODUCTION 


The  Presque  Isle  quadrangle  of  northeastern  Aroostook 
County,  Maine,  contains  a  relatively  thick  section  (over  10,000 
feet)  of  Lower  Paleozoic  rocks  that  spans  Middle  Ordovician 
through  Middle  Devonian  time.  The  section  is  not  complete,  as 
unconformities  separate  rocks  of  different  systems,  and  one  oc- 
curs within  the  Devonian.  Nevertheless,  because  of  the  range 
of  Paleozoic  time  encompassed  by  the  rocks  in  this  region  and 
because  of  the  general  fossiliferous  character  of  these  rocks,  it  * 
is  an  important  area  for  developing  an  understanding  of  the 
Paleozoic  stratigraphy  and  geologic  history  of  northern  Maine 
and  of  the  northern  Appalachians  in  general. 

The  region  has  been  mapped  by  reconnaissance  methods  sev- 
eral times  (Williams  and  Gregory,  1900;  White,  1943;  and  Mil- 
ler, 1947)  and  its  geology  been  incorporated  into  regional  maps 
(Keith,  1933;  Boucot  and  others,  1960).  Much  of  the  informa- 
tion in  this  report  has  been  used  in  the  most  recent  regional  com- 
pilation of  northern  Maine  (Boucot  and  others,  1960). 

This  report  represents  mapping  carried  out  by  Fletcher 
(1959-1960),  Field  (1960),  and  Naylor  (1960-1962),  together 
with  a  modification  and  partial  revision  of  the  earlier  work  of 
Williams  and  Gregory  (1900),  Keith  (1933),  Twenhofel  (1941), 
White  (1943),  Miller  (1947),  and  Cloud  (1941).  A  new  strati- 
graphic  interpretation  based  on  these  studies  is  presented. 

In  general,  the  faunas  of  the  Ordovician  rocks  of  this  region 
bear  a  strong  similarity  to  those  of  Great  Britain.  Furthermore, 
only  about  one-third  of  the  "standard"  New  York  Silurian  sec- 
tion contains  fossils  useful  for  correlation  as  compared  with 
the  British  section.  Therefore,  the  terminology  and  systematic 
divisions  of  the  British  Ordovician  and  Silurian  section  are  used 
extensively  in  this  report,  in  preference  to  the  American  section. 
Table  1  summarizes  the  general  relationships  of  the  British  and 
American  sections,  as  modified  by  Boucot,  for  the  rocks  dis- 
cussed. Boucot  has  not  been  able  to  distinguish  paleontologically 
between  rocks  of  Becraft  and  Oriskany  age  in  the  northern  Ap- 
palachians, and  these  rocks  will  therefore  be  referred  to  as  of 
Becraft  or  Oriskany  age  in  this  report.  Figure  3  shows  the  lo- 
cation of  places  cited  in  the  text  which  are  not  shown  on  the 
other  illustrations. 
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Table  1.    Relationship  of  the  Standard  and  American  systematic  sub- 
divisions for  the  time  interval  Black  River  through  Onondaga. 

A.  J.  Boucot  and  Louis  Pavlides  have  done  geologic  re- 
connaissance as  part  of  U.  S.  Geological  Survey  projects  in 
northern  Maine  intermittently  from  1951  to  1954,  including  work 
in  the  Presque  Isle  quadrangle.  This  work,  in  part,  served  as  a 
basis  for  defining  the  stratigraphic  problems  that  were  studied 
in  this  investigation.  Fletcher  (1960)  did  reconnaissance  map- 
ping, principally  in  the  Chapman  syncline  and  in  the  peripheral 
area  to  the  south,  in  the  summer  of  1959.  During  the  summer 
of  1960,  Field  mapped  the  Devonian  and  Silurian  rocks  along  the 
eastern  border  of  the  Chapman  syncline,  in  the  area  that  includes 
Quaggy  Joe,  the  ridge  to  the  north  of  It,  and  Green  Mountain. 
Fletcher  in  1960  mapped  Chandler  Mountain,  Garland  Hill, 
Hedgehog  Mountain,  and  the  area  between  Hedgehog  Mountain 
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and  Squapan  Lake.  Naylor  mapped  the  Devonian  rocks  and 
some  of  the  Silurian  units  in  the  northern  part  of  the  syncline 
in  1960,  and  the  Ordovician  and  Silurian  rocks  in  the  northwest- 
ern part  of  the  quadrangle  in  1961  and  1962. 

Forbes  discovered  several  important  fossil  localities  in  the 
area  and  has  made  extensive  collections  from  them.  Boucot 
studied  the  brachiopods  from  the  Silurian  and  Devonian  rocks 
and  revised  earlier  work  on  other  faunas  of  the  region. 

Boucot  and  Pavlides  supervised  and  field-checked  the  work 
done  by  Field,  Fletcher,  and  Naylor  during  1959,  1960,  and 
1961,  which  was  supported  by  the  Maine  Geological  Survey. 

Boucot  and  Naylor  are  responsible  for  the  sections  on  the 
Taconic  orogeny  and  on  the  distribution  of  strata  of  New  Scot- 
land age.  Boucot  and  Field  are  responsible  for  the  section  on  the 
Acadian  orogeny. 

The  writers  thank  Mr.  Robert  Doyle,  State  Geologist,  and 
Mr.  John  Rand,  former  State  Geologist,  for  participating  in  help- 
ful and  stimulating  field  conferences.  The  graptolites  found  in 
the  area  were  examined  and  dated  by  Dr.  W.  B.  N.  Berry  of  the 
University  of  California  at  Berkeley.  Dr.  W.  A.  Oliver,  Jr., 
United  States  Geological  Survey,  identified  the  Devonian  corals, 
and  Dr.  J.  M.  Schopf  of  the  United  States  Geological  Survey 
identified  the  plants  from  the  Mapleton  sandstone.  Dr.  H.  B. 
Whittington  of  Harvard  University  identified  the  trilobites 
from  the  Pyle  Mountain  argillite  and  the  unnamed  Silurian 
limestone.  Dr.  Jean  Berdan  identified  and  dated  ostracods 
from  the  unnamed  Silurian  limestone.  Dr.  Robert  B.  Neu- 
man  identified  and  dated  the  Ordovician  brachiopods.  Unpub- 
lished information  on  rocks  of  Helderberg  age  has  been  gener- 
ously contributed  by  Dr.  Bradford  Hall,  University  of  Maine, 
for  the  Spider  Lake  area;  Dr.  Jacques  Beland,  Quebec  De- 
partment of  Natural  Resources,  for  Gaspe  and  the  Eastern 
Townships  of  Quebec;  Dr.  Frank  Anderson,  Geological  Sur- 
vey of  Canada  for  parts  of  New  Brunswick;  Dr.  G.  McG. 
Boone,  Department  of  Geology,  University  of  Western  Ontario, 
for  the  Fish  River  Lakes  quadrangle,  Maine;  Dr.  R.  B.  Neuman, 
United  States  Geological  Survey,  for  the  Shin  Pond  area;  and 
Mr.  E.  V.  Post,  United  States  Geological  Survey,  for  The  Forks 
area.    Dr.  D.  W.  Rankin,  U.  S.  Geological  Survey,  has  supplied 
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information  on  the  Ashgillian  rocks  of  the  Traveler  Mountain 
quadrangle.  The  United  States  Geological  Survey  kindly  per- 
mitted the  use  of  unpublished  information  collected  in  the  Castle 
Hill  area  by  Dr.  P.  E.  Cloud,  Jr.,  during  the  summer  of  1941. 

Dr.  A.  W.  Quinn,  Department  of  Geology,  Brown  University, 
has  advised  Fletcher  on  the  petrography  of  some  of  the  volcanic 
rocks  of  the  Presque  Isle  area,  and  Dr.  John  Hower,  formerly  of 
the  Department  of  Geology  and  Geophysics,  Massachusetts  Insti- 
tute of  Technology,  aided  in  the  determination  of  the  mineralogy 
of  the  sedimentary  rocks.  Mr.  Alan  Regier  and  Mr.  Raymond 
Daley  were  capable  field  assistants  during  the  summers  of  1959 
and  1960  respectively. 

The  paper  has  been  read  by  Dr.  M.  P.  Billings,  Harvard 
University,  and  Dr.  L.  R.  Page,  United  States  Geological  Survey. 
The  authors  are  grateful  for  their  valuable  suggestions. 
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GENERAL  GEOLOGY 


The  greatest  thickness  of  New  Scotland  age  (Lower  De- 
vonian) sedimentary  and  volcanic  rocks  known  in  the  northern 
Appalachians  is  preserved  in  the  Presque  Isle  quadrangle  in  the 
large,  southward-plunging  Chapman  syncline.  These  rocks  are 
underlain  disconformably  by  Silurian  strata.  Resting  with 
angular  unconformity  upon  the  New  Scotland  and  older  rocks  is 
the  Mapleton  sandstone,  a  red  sandstone  and  conglomerate  that 
contains  plant  fossils  of  late  Middle  Devonian  age.  In  the  ex- 
treme northwestern  part  of  the  quadrangle  the  Castle  Hill  anti- 
cline exposes  a  sequence  of  Ordovician  and  Early  Silurian  rocks 
that  differ  in  lithology  from  units  of  equivalent  age  exposed  else- 
where in  the  quadrangle.  These  contrasting  sequences  are  con- 
cluded to  be  facies  of  each  other.  The  Silurian  and  Ordovician 
rocks  are  separated  by  a  disconformity. 

All  the  rocks  within  the  Presque  Isle  quadrangle  are  folded, 
with  dips  ranging  from  about  20  degrees  to  vertical.  The  pres- 
ence of  a  great  thickness  of  competent  volcanic  rocks  within  the 
Chapman  syncline  resulted  in  its  broad  and  open  geometric  form. 
Outside  the  outcrop  area  of  these  volcanic  units,  the  less  compe- 
tent sedimentary  units  are  more  tightly  folded.  Imperfect  cleav- 
age planes,  which  are  commonly  developed  in  the  pre-Middle 
Devonian  rocks,  trend  generally  north  as  do  the  fold  axes  in  the 
area.  The  Middle  Devonian  Mapleton  red  sandstone  is  gently 
folded.  It  occurs  in  a  syncline  with  dips  not  exceeding  50 
degrees,  and  its  axis  parallels  that  of  the  Chapman  syncline. 

Small  bodies  of  teschenite,  diabase  and  granite  intrude  some 
of  the  stratified  rocks  and  have  locally  baked  them. 

The  topography  and  drainage  in  the  southern  part  of  the 
quadrangle  are  largely  controlled  by  the  trend  of  the  Chapman 
syncline.  Here  the  volcanic  rocks  that  occur  along  the  periphery 
of  the  Chapman  syncline  support  long,  prominent  ridges,  where- 
as the  sedimentary  strata  in  the  trough  of  the  syncline  underlie 
gently  rolling  hills  and  broad  swampy  lowlands.  Elsewhere  in 
the  quadrangle  the  control  of  the  topography  by  the  bedrock  is 
generally  less  pronounced. 

The  most  striking  physical  features  of  this  region  are  the 
ridges  and  hills  that  are  underlain  by  volcanic  rocks  of  Devonian 
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age.  Such  ridges  are  prominent  along  the  east  and  west  limbs 
of  the  Chapman  syncline  (PL  1)  and  in  part  outline  the  shape  of 
this  fold.  Haystack  Mountain  and  other  prominent  hills  in  the 
northwest  part  of  the  quadrangle  are  underlain  chiefly  by  vol- 
canic rocks  of  Ordovician  age.  Most  of  the  other  rocks  of  the 
region  are  less  resistant  and  underlie  lowlands  or  rolling  hills. 

The  area  is  covered  by  glacial  drift,  deposited  by  the  ice 
sheet  that  covered  the  region  during  the  Pleistocene.  Much  of 
the  quadrangle  is  heavily  wooded,  but  the  northern  third  is  most- 
ly cleared  farm  land.  In  general  the  glacial  drift  and  wooded 
nature  of  the  region  are  such  that  bedrock  is  not  extensively  or 
abundantly  exposed.  The  crests  and  steep  slopes  of  ridges  gener- 
ally have  good  bedrock  exposures,  but  in  the  lowlands  exposures 
of  bedrock  are  less  common.  The  streams  have  not  cut  down  to 
bedrock  to  any  great  extent. 
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STRATIGRAPHY 1 


The  rocks  exposed  in  the  Presque  Isle  quadrangle  range  in 
age  from  Ordovician  through  Middle  Devonian.  The  Ordovician 
and  older  Silurian  rocks  may  be  divided  into  two  distinct  facies, 
one  exposed  in  the  Castle  Hill  area2  and  the  other  exposed  to  the 
east  of  the  Castle  Hill  area.  This  distinction  is  not  present  in 
the  younger  Silurian  rocks ;  a  single  unit,  the  Perham  formation 
of  Late  Silurian  age  occurs  in  both  the  Castle  Hill  area  and  the 
region  to  the  east.  Devonian  rocks  are  absent  in  the  Castle  Hill 
area,  but  are  extensively  exposed  in  the  region  to  the  east.  These 
relations  are  summarized  in  Table  2. 


Age 

REGION     EAST    OF     CASTLE     HILL    AREA  | 

CASTLE    HILL  AREA 

Group, formation , 
and  member 

Lithology 

Thickness 

Group, formation, 
and  member 

Lithology 

Thickness 

Middle 
Devonian 

Mapleton  ss 
( angular 

Red  and  gray  sandstone  and 
conglomerate;  minor  amounts  of 
siltstone. 

2200' 

DEVONIAN 

Devonian 

(New 
Scotland) 

:        DOCKENDORFF     GROUP  §' 

conformity) 
facies  in 
upper  part 
a>  Upper  T 

1 ber  li 

Si  /  c 

x  lower  /  M  / 
."metti/c  / 
cber  lG/g 

Edmund's  Hill  andesite 

Upper  member-  Porphyritic 

biotite  andesite 
Lower  member-  Porphyritic 
pyroxene  andesite 
Chapman   sandstone-  fine-grained 
greenish-brown,  lithic  gray- 
wacke  (abundant  volcanic 
fragments) 

brown  shale  and  slate. 

12,000'-  19,000' 

o 

°  / 
o 

:  o 
!  o 

'  <*> 

6/  / 
°/    / ' 

1  A? 

Lower  part 
Hedgehog 
formation 

Interlayered    lenses  and  sills  (?) 
of'  trachyte,  rhyolite, andesite 
tuff   and   lenses  of  sedi- 
mentary rocks. 

2000- 
6000' 

SILURIAN 

Upper 
Silurian 
(Lower 
Ludlow) 

V  untoriTunniiy  <  I 

Perham  fm 
upper  member 

Orange-weathering,  commonly 
finely    banded,  calcareous 
siltstone; gray  shale;  lime- 
stone; limestone  conglom- 
erate lenses. 

2000'(?) 

Perham  fm 
upper  member 

Orange  -  weathering ,  common 
ly  finely  banded,  cal- 
careous siltstone;  gray 
shale;  limestone;  lime- 
stone conglomerate 
lenses 

2000'(?) 

Lower  and 
Upper 
Silurian 
(C3  toC5 
to  Wenlock) 

Perham  fm 
lower  member 

Gray,  gray-red, and  gray- green 
shale  and  slate.  Local  ly 
contains     lenticular  layered 
iron    and  manganese 
deposits. 

2000'  (?) 

Perham  fm 
lower  member 

Gray, gray-red, and  gray- 
green  shale  and  slate. 
Locally  contains  lenti- 
cular layered  iron  anc 
manganese  deposits 

2000'(  ?) 

Un 
S 
li 

-named 
ilurian 
mestone 
iconformity  ?} 

Argillaceous  and  sandy,  nodular, 
commonly  finely  laminated, 
gray  limestone. 

Frenchville  fm 

Dark  gray,  slightly  calcar- 
eous, pitted  fine-grain 
ed,  argillaceous, 
graywacke  sandstone 

■  1600'  (  ?) 

ORDOVICIAN 

Upper 
Ordoviciar 
(Ashgil  Man 

-(U 

4000' (? 

(Unconformity  ? 
Pyle  Mountain 
argil  lite 

Olive-green  argil  lite 

600'  (  ?) 

Middle 
Ordovician 
(Carado - 
cian) 

Meduxnekeag  fm 
Ribbon  Rock 
member 

Impure  limestone  and  calcareous 
siltstone  and  quartzite  with 
mterbeds  of  calcareous  and 
noncalcareous  slate. 

? 

(  Unconformity  ? ) 

Unit  Ovs 
(Includes  rocks  of 
same  age  as  Rib- 
bon Rock  membe 
of  Meduxnekeag 
fm  in  addition  to 
rocks  of  possibly 
greater  age) 

Tuff,  trachyte,  andesite;  black 
and   gray-green  chert, 
gray  argillite;  black 
graptolite  -  bearing 
shale 

3000'  - 
4O00'(  (?) 

Undifferentiated   sedimentary  rocks    shown   on  map  and  accompanying  legend   and  explained  in  text 

Table  2.    Sequence  of  stratified  rock  units  exposed  in  the  Presque  Isle 

quadrangle,  Maine. 


1  The  stratigraphic  nomenclature  in  this  report  does  not  necessarily  follow  the  usage 
of  the  U.  S.  Geological  Survey. 

2  The  term  "Castle  Hill  area"  refers  in  this  report  to  an  elongate  area  near  the  western 
border  of  the  Presque  Isle  quadrangle  that  includes  Castle  Hill  ridge,  McDonald 
Mountain,  Pyle  Mountain,  and  Haystack  Mountain  and  the  land  within  two  miles 
to  the  east  of  these  peaks.  The  Castle  Hill  area  lies  in  parts  of  Castle  Hill  and  Wade 
townships. 
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Units  that  the  authors  believe  need  further  attention  in  the 
field  prior  to  the  proposal  of  formal  definitions  are  herein  identi- 
fied by  letter  designations.  In  addition  to  the  designated  rock 
units  shown  in  Table  2,  several  areas  of  undifferentiated  rock  are 
shown  on  Plate  1  and  are  described  in  the  text  under  appropriate 
headings. 

Ordovician  rocks 

The  Ordovician  rocks  of  the  Presque  Isle  quadrangle  are  di- 
visible into  two  distinct  facies:  (1)  a  complex  of  volcanic  rocks, 
chert,  black  graptolite-bearing  shale,  sandstone  and  argillite  in 
the  Castle  Hill  area;  and  (2)  a  thick  sequence  of  thin-bedded 
limestone  and  slate,  in  many  places  conspicuously  ribbon-banded, 
occurring  over  a  very  wide  region  east  of  the  Castle  Hill  area. 

In  this  report  the  Ordovician  rocks  of  the  Castle  Hill  area 
are  subdivided  as  follows  from  bottom  to  top : 

Unit  Ovs  —  volcanic  rocks,  black  chert,  argillite,  and  black 
graptolite-bearing  shale 

Pyle  Mountain  argillite  —  olive-green  argillite 

The  Ordovician  rocks  of  this  area  have  been  partially  de- 
scribed by  Williams  and  Gregory  (1900,  p.  105,  107-109,  114- 
121),  White  (1943,  pi.  24,  p.  129),  Miller  (1947,  pi.  2,  p.  8-9), 
and  Cloud  (1941).  Fossils  from  Unit  Ovs  were  first  collected 
by  Nylander  (1936,  p.  6-8). 

Unit  Ovs 

The  rocks  of  Unit  Ovs  occur  in  a  north-trending  belt  extend- 
ing from  Castle  Hill  through  Haystack  and  Pyle  Mountains.  In 
most  places  this  belt  is  not  more  than  a  mile  across,  but  it  widens 
to  about  two  miles  where  the  last  exposures  are  seen  just  south 
of  the  Mapleton-Ashland  road  (plate  1).  No  single  type  section 
can  be  designated  for  the  entire  unit,  but  an  area  of  good  ex- 
posures is  cited  for  each  rock  type  described  below. 

The  unit  contains  silicic  and  intermediate  volcanic  rocks  of 
several  types,  black  chert,  argillite,  and  black  fissile  shale  that 
appear  to  be  interbedded  with  each  other  as  small  lenses.  The 
relations  between  the  rock  types  are  complex.  Mostly,  the  out- 
crops are  widely  scattered  and  it  has  not  been  possible  to  work 
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out  a  detailed  stratigraphic  sequence.  In  general,  however,  the 
bulk  of  the  volcanic  rocks  appears  to  lie  below  the  chert  and 
argillite. 

Lithology  of  the  volcanic  rocks.  —  The  most  widespread  of 
the  volcanic  rocks  is  a  gray,  fine-grained  tuff  that  underlies  much 
of  McDonald  Mountain,  the  small  hill  just  to  the  south  of  McDon- 
ald Mountain,  and  much  of  the  eastern  part  of  Castle  Hill.  The 
unweathered  tuff  is  medium-dark  to  light  gray;  weathered  sur- 
faces are  light  gray  or  buff.  It  is  generally  slightly  calcareous, 
and  at  some  places  contains  up  to  25  percent  of  calcite-filled 
amygdules.  Nearly  half  of  the  tuffs  contain  scattered  specks 
of  pyrite  about  0.5  mm  in  diameter.  Many  specimens  have  sub- 
hedral  laths  of  gray  or  greenish-gray  feldspar  generally  less 
than  3  mm  in  length,  and  a  few  contain  scattered  mafic  grains 
0.5  mm  or  less  in  diameter. 

Haystack  and  Pyle  Mountains  are  largely  underlain  by 
medium-dark,  greenish-gray  or  brownish-gray  trachytic  rocks 
that  commonly  are  porphyritic.  The  phenocrysts  in  the  por- 
phyritic  varieties  are  generally  subhedral  and  less  than  3  mm 
in  diameter.  Small  calcite-filled  amygdules  and  small  anhedral 
mafic  grains  are  also  present  in  some  of  the  trachytes. 

The  northwestern  exposures  of  volcanic  rocks  in  the  vicinity 
of  Castle  Hill  are  darker  colored  and  may  be  andesites  rather 
than  trachytes.  They  are  dark,  slightly  greenish-gray  rocks 
where  fresh  and  brown  where  weathered.  Some  are  porphyritic, 
with  small  greenish-gray,  subhedral  feldspar  phenocrysts  less 
than  2  mm  in  diameter.  Faintly  marked  pillow  structure  (?)  is 
present  on  one  large  exposure  on  the  west  slope  of  Castle  Hill. 

The  andesite  and  trachyte  may  be  mostly  flows,  as  judged  by 
the  associated  tuff,  but  other  evidence  for  determining  the  in- 
trusive or  extrusive  nature  of  these  rocks  is  equivocal. 

Lithology  of  the  chert  and  argillite.  —  The  chert  is  typically 
dark  gray  and  may  be  massive  or  finely  banded.  Banding  con- 
sists generally  of  an  interlayering  of  dark  gray  and  greenish- 
gray  layers.  At  a  few  places  quartz  veinlets  about  1  mm  wide 
cut  the  chert.  The  chert  commonly  weathers  black  or  dark 
brown,  but  in  a  few  places  the  weathered  surface  is  mottled 
chalk-white  and  brown. 
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Chert  of  this  lithology,  closely  associated  with  volcanic  rocks 
(chiefly  tuff)  both  above  and  below  it,  occurs  southwest  of  Mc- 
Donald Mountain  and  about  halfway  up  the  eastern  slope  of  Pyle 
Mountain.  Chert  also  occurs  east  of  Castle  Hill  and  about  a 
mile  east  of  Pyle  Mountain,  where  the  chert  is  interbedded  with 
a  gray-green,  fine-grained,  non-calcareous  argillite. 

Coarsely  granular  chert,  composed  of  angular  grains  of 
dark  siliceous  material  and  angular  grains  of  quartz,  and  with 
irregular  patches  and  veins  of  milky  cryptocrystalline  quartz, 
crops  out  in  the  valley  on  the  west  slope  of  Castle  Hill.  This 
rock  contains  specks  of  limonite  and  bits  of  a  metallic  bluish- 
gray  mineral  that  was  not  identified.  Nearby  are  outcrops  of 
the  more  typical  varieties  of  the  chert. 

Much  of  the  chert  seems  to  lie  stratigraphically  above  the 
bulk  of  the  volcanic  rocks,  but  several  of  the  chert  outcrops  are 
enclosed  by  volcanic  rocks.  It  is  possible  that  a  chert  horizon 
overlies  the  volcanic  rocks,  and  that  a  second  chert  horizon  is  at 
a  lower  level  within  them. 

Lithology  of  the  black  graptolite-bearing  shale.  —  Two  wide- 
ly separated  outcrops  of  black  shale  occur  at  the  very  top  of  Unit 
Ovs.  The  shale  is  dark  gray  to  black,  fissile,  and  is  character- 
istically rather  soft  when  wet,  but  hardens  considerably  upon 
drying  out.   At  one  place  it  contains  datable  fossils. 

Lower  contact.  —  Unit  Ovs  is  the  oldest  unit  mapped  in  the 
Presque  Isle  quadrangle,  and  no  underlying  rocks  have  been  seen. 

Thickness.  —  Assuming  the  Castle  Hill  area  is  a  simple  anti- 
cline, the  minimum  thickness  of  the  Ovs  Unit  is  about  3000  feet, 
and  the  maximum  is  about  4000  feet. 

Age.  —  Fossils  occur  in  one  outcrop  of  black  fissile  shale 
which  lies  at  the  very  top  of  Unit  Ovs  (pi.  1,  ]oc.  C-6).  The 
fossils  were  taken  from  a  pit  on  the  south  side  of  the  Mapleton- 
Ashland  road  at  a  point  one  mile  east  of  Haystack  Mountain. 
After  brief  use  as  a  cesspool,  the  pit  has  been  filled  in,  making 
the  outcrop  inaccessible.  Graptolites  collected  from  this  locality 
by  O.  O.  Nylander  were  studied  by  R.  Ruedomann  (Nylander, 
1936,  p.  6-8).  Additional  collections  by  Forbes  were  studied  by 
W.  B.  N.  Berry,  who  also  reviewed  Nylander's  original  collection. 
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The  collections  obtained  by  Forbes  were  identified  by  Berry  as 
follows : 

Climacograptus  cf.  C.  typicalis  Hall 

Dicranograptus  n.  sp.  (aff.  D.  nicholsoni) 

Diplograptus  cf.  D.  foliaceus  (Murchison) 

Orthograptus  sp.  (of  the  0.  calcaratus  type) 

Orthograptus  truncatus  var.  intermedins  (Elles  and  Wood) 

Orthograptus  quadrimucronatus  cf.  var.  approximatus 
(Ruedemann) 

The  shale  is  thus  in  the  Orthograptus  truncatus  var.  intermedins 
zone  of  the  Middle  Ordovician  and  is  of  Trenton  age  (Berry, 
written  communication,  1962) .  This  places  the  shale  in  the  same 
time  zone  as  the  ribbon  rock  member  of  the  Meduxnekeag  forma- 
tion (see  p.  23). 

The  shale  is  immediately  underlain  by  dark  chert  and  argil- 
lite,  and  volcanic  rocks  underlie  the  chert  and  argillite.  In  the 
Spider  Lake  area  of  Maine,  east  of  Churchill  Lake  (see  Figure 
2)  there  occur  Middle  Ordovician  cherts  and  volcanic  rocks  of 
similar  lithology  (Bradford  Hall,  written  communication,  1961). 
The  fossils  that  date  Unit  Ovs  lie  at  the  very  top  of  the  unit, 
leaving  open  the  possibility  that  the  underlying  parts  of  the  unit 
may  be  older  than  the  zone  of  Orthograptus  truncatus  var.  inter- 
medins. 

Pyle  Mountain  argillite 

Olive-colored  argillite  crops  out  at  many  places  in  the  Castle 
Hill  area  peripheral  to  the  belt  occupied  by  Unit  Ovs.  Fossil- 
iferous  exposures  along  the  road  extending  west  across  the  north 
slope  of  Pyle  Mountain  at  the  intersection  with  Turner  Road  (at 
the  site  of  the  former  Pyle  School)  are  here  proposed  as  the  type 
section  for  the  unit. 

Lithology.  —  The  southern  exposures  of  the  Pyle  Mountain 
argillite  typically  consist  of  fine-grained,  olive-green,  noncal- 
careous  argillite  with  a  somewhat  lenticular  cleavage.  To  the 
north  the  unit  becomes  more  calcareous  and  tends  to  be  grayer 
in  color. 
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Lower  contact.  —  The  Pyle  Mountain  argillite  appears  to  lie 
stratigraphically  above  Unit  Ovs.  The  actual  contact  is  not  ex- 
posed, but  bedding  in  the  argillite  seems  to  parallel  the  map  pat- 
terns of  the  underlying  unit  and  it  appears  unlikely  that  the  con- 
tact between  the  two  is  angular. 

Thickness.  —  The  average  thickness,  as  estimated  from  the 
cross-section,  appears  to  be  about  600  feet. 

Age.  —  H.  B.  Whittington  has  identified  the  following  trilo- 
bites  from  localities  shown  on  plate  1 : 

Locality  D-7    Tretaspis  sp. 

Locality  E-3  Trinodus  sp.,  ISymphysops  sp.,  Remopleu- 
rides  sp.,  Dionide  sp.,  Novaspis  sp.,  IRaphio- 
phorus  sp.,  cf.  Platylichas  sp. 

Locality  D-4  Asaphid,  ISymphysops  sp.,  Tretaspis  sp., 
Dindymene  sp.,  Pseudosphaerexochus  sp.,  aff . 
Carmon  sp. 

Whittington  (written  communication,  1961)  further  states: 

"These  trilobites  are  quite  unlike  any  from  the  standard 
Upper  Ordovician  of  the  Cincinnati  region,  but  are  like  those 
from  the  Whitehead  formation  of  Quebec,  which  contains  Tre- 
taspis, Symphysops,  Novaspis,  Remopleurides,  Platylichas, 
Raphiophorus  (Cooper,  1930,  p.  265-392;  Cooper  and  Kindle, 
1938,  p.  348-372) .  All  the  genera  from  Maine  except  Platijlichas 
are  recorded  in  the  Upper  Ordovician  of  Poland  (Kielan,  1959) 
and  this  assemblage  is  characteristic  of  the  Upper  Ordovician 
rocks  of  central  and  northwestern  Europe.  The  occurrence  of 
Dionide,  Dindymene,  the  genus  having  affinities  with  Carmon, 
and  Trinodus  particularly  suggests  a  link  with  the  faunas  of 
Bohemia  and  Poland,  for  none  of  them  is  so  far  recorded  from 
Quebec.  There  seems  no  doubt  but  that  the  strata  at  Pyle  School 
are  equivalent  in  age  with  some  part  of  the  Ashgillian  of  Europe, 
a  series  that  may  be  equivalent  in  a  general  way  to  the  Rich- 
mondian  of  North  America  (Twenhofel,  et  al.,  1954,  p.  247- 
298)."    R.  B.  Neuman  (written  communication  1962),  reports, 

"This  report  is  concerned  only  with  the  brachiopods.  The 
presence  of  other  phyla  is  no1  noted,  nor  are  collections  not  con- 
taining brachiopods. 
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Nine  of  the  collections  are  compact  mudstones  with  nearly 
identical  assemblages  of  brachiopods.  These  are  shown  in  the 
accompanying  chart.  All  of  these  brachiopods  are  small  and 
presumably  immature.  The  most  distinctive  form,  and  one  that 
occurs  in  all  but  one  of  the  collections,  is  a  species  of  Christiania. 
Unlike  other  species  of  this  genus  known  to  me,  this  one  has  a 
pronounced  radial  ornamentation,  and  a  new  species  will  prob- 
ably have  to  be  erected  for  it.  The  undetermined  plectambonitid 
is  also  probably  an  undescribed  form. 
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The  remaining  seven  collections,  listed  below,  contain  fewer 
specimens  (except  for  43a)  :  these  are  in  graywacke  and  sand- 
stone. 

(Collections  in  section  dug  up  along  road  east  of  Castle  Hill) 
Cloud  47x  (SD-3153)    —    Paucicrura  sp. 

"      47b  (SD-3157)    —    Strophomena?  sp.  (dorsal  valve 

only) 

43     (SD-3163)    —  Hesperorthis 

plectambonitid,  indet. 

"      43b  (SD-3162)    —    Rafinesquina  sp.  (ventral  valve 

only) 

43c  (SD-3159)    —    Diambonia  sp. 

43f  (SD-3164)    —    Paucicrura  sp. 

43a  (SD-3167)    —    Chonetoidea  sp. 

Leptaena  sp 


Paucicrura  sp. 
Oxoplecia  sp. 
Leptelloideal  sp. 
aff.  Midticcstella  sp. 


Taken  together  or  separately  these  brachiopod  genera  do  not 
date  these  rocks  more  closely  than  the  latter  half  of  the  Ordo- 
vician  period.  All  the  genera  recorded  here  are  known  to  occur 
in  recks  older  than  Ashgill  equivalents.  So  far,  however,  in 
North  America  Diambonia  is  known  only  from  the  Whitehead 
formation  of  the  Gaspe,  and  Leangella  first  appears  in  these 
rocks.  The  more  critical  fossils  for  correlating  these  beds  with 
the  Ashgillian  seem  to  be  the  trilobites  as  reported  by  Whitting- 
ton." 


Ribbon  rock  member  of  the  Meduxnekeag  formation 

The  name  Meduxnekeag  formation  originally  was  applied  by 
Pavlides  (1962)  to  a  sequence  of  rocks  that  occurs  in  the  Bridge- 
water  quadrangle  (immediately  to  the  southeast  of  the  Presquc 
[sle  quadrangle).  The  ribbon  rock  member  of  this  formation  is 
widespread  in  eastern  Aroostook  County  (Pavlides,  Neuman,  and 
Berry,  1961,  p.  65-S6)  and  underlies  parts  of  the  Presque  [sle 
quadrangle  (PL  1).    It  also  appears  to  extend  across  parts  of 
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New  Brunswick  and  Gaspe  (Pavlides,  Neuman  and  Berry,  1961, 
p.  65-66). 

The  ribbon  rock  member  of  the  Meduxnekeag  formation 
was  formerly  part  of  the  Aroostook  limestone  of  Williams  and 
Gregory  (1900,  p.  44,  141-143)  and  White  (1943).  White's 
usage,  of  Aroostook  limestone,  however,  included  some  rocks  not 
originally  assigned  by  Williams  and  Gregory  to  the  Aroostook 
limestone.  White  (1943,  p.  129)  assigned  a  Middle  Silurian  age 
to  the  rocks  he  considered  to  be  Aroostook  limestone;  Williams 
and  Gregory  (1900,  p.  44-45)  had  assigned  a  Lower  Silurian  age 
to  the  Aroostook  limestone  as  defined  by  them. 

Twenhofel  (1941,  p.  161-168)  suggested  the  term  Aroostook 
formation  rather  than  Aroostook  limestone  because  of  the  quanti- 
tative unimportance  of  limestone  in  the  formation.  He  also  ob- 
served that  fossils  in  the  Aroostook  formation  are  rare  and  poor- 
ly preserved  and  that  Williams  may  have  been  mistaken  in  dat- 
ing the  rocks  as  Silurian.  Because  of  its  greater  degree  of  meta- 
morphism,  as  compared  with  rocks  in  the  area  that  are  of  known 
Silurian  age,  Twenhofel  suggested  the  possibility  that  the  Aroos- 
took formation  is  Ordovician  and  that  its  deformation  took  place 
during  the  Taconic  orogeny. 

Recently,  it  has  been  shown  that  the  ribbon  rock  member  of 
the  Meduxnekeag  formation  is  of  Caradocian  (Trenton)  age 
(Pavlides,  Neuman  and  Berry,  1961).  As  defined  by  Pavlides 
(1962)  and  as  used  in  this  report,  the  ribbon  rock  member  of 
the  Meduxnekeag  formation  is  the  middle  member  (ribbon  lime- 
stone) of  the  Aroostook  limestone  of  White.  Only  a  part  of  the 
rocks  included  by  Williams  and  Gregory  in  their  usage  of  Aroos- 
took limestone  are  now  included  in  the  Meduxnekeag  formation. 

The  ribbon  rock  member  of  the  Meduxnekeag  formation  is 
sparingly  exposed  in  a  triangular  area  in  the  north-central  part 
of  the  Presque  Isle  quadrangle  and  in  the  northeast  corner  of  the 
quadrangle  (pi.  1).  As  a  result  of  a  recent  fossil  discovery  by 
R.  B.  Neuman  in  the  Caribou  quadrangle  (immediately  north  of 
the  Presque  Isle  quadrangle)  and  the  field  work  of  Naylor,  some 
outcrops  previously  included  in  Unit  Sau  (Unnamed  Silurian 
limestone  of  C,-C,  age  of  the  present  report)  by  White  (1943, 
pi.  24)  and  Miller  (1947,  pi.  2)  are  considered  part  of  the  ribbon 
rock  in  this  report. 


24 


Lithology.  —  Miller  (1947,  p.  10)  described  rocks  of  this 
unit  (ribbon  limestone  of  Aroostook  limestone  of  White)  as  con- 
sisting of  "a  large  but  unknown  thickness  of  platy  beds  of  fine- 
grained gray  limestone  separated  by  thin  shale  partings/'  Pav- 
lides  has  found  the  unit  to  be  lithologically  more  complex :  "beds 
of  medium-gray  to  bluish-gray  limestone  several  inches  to  sev- 
eral feet  thick,  separated  by  somewhat  thinner  layers  of  gray 
calcareous  to  greenish-gray  noncalcareous  slate.  Limestone  beds 
range  in  composition  from  relatively  pure  carbonate  layers  to 
argillaceous  limestone  and  to  calcareous  siltstone.  Some  layers 
that  are  complexly  deformed  are  found  in  sequence  with  beds 
having  more  regular  stratification.  Interbeds  of  graywacke  and 
lenses  of  slate  and  graywacke  are  also  included  in  the  unit. 
Stratigraphic  boundaries  of  the  ribbon  rock  are  poorly  defined 
and  little  studied  over  broad  areas ;  in  parts  of  the  Bridgewater 
area,  however,  it  is  underlain  by  graywacke  and  slate,  and  over- 
lain, at  places  gradationally,  by  more  argillaceous  rocks"  (Pav- 
lides,  Neuman,  and  Berry,  1961) . 

Thickness.  —  There  is  a  large  but  undetermined  thickness 
of  the  Meduxnekeag  formation  in  the  Presque  Isle  quadrangle. 

Age.  —  The  ribbon  rock  member  of  the  Meduxnekeag  for- 
mation has  recently  been  dated  as  of  Middle  Ordovician  age 
(Pavlides,  Neuman,  and  Berry,  1961,  p.  65-66) .  The  critical  fos- 
sils were  found  by  Forbes  in  1960  in  a  roadside  exposure  two 
miles  east  of  Colby  in  the  Caribou  quadrangle,  which  lies  immedi- 
ately north  of  the  Presque  Isle  quadrangle.  The  following  dis- 
cussion of  the  age  of  the  ribbon  rock  member  is  given  by  Pav- 
lides, Neuman,  and  Berry  (1961,  p.  65-66)  : 

"W.  B.  N.  Berry  examined  the  collection  and  identified  the 
following  forms : 

Amplexograptus  sp 

Amplexograptus  cf.  A.  perexcavatus  (Lapworth) 

Climacograptus  cf.  C.  typicalis  mut.  posterns  Ruedemann 

DiplograptU8?  spp.  (two  distinct  kinds  of  this  form  are 
represented;  one  is  long  and  slen- 
der, the  other  shorter  and  wider) 

Orthograptvs  aff.  O.  truncal  us  (Lapworth) 
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Orthograptus  truncatus  cf.  var.  intermedins  (Elles  and 

Wood) 

other  orthograptids  of  the  0.  truncatus  type. 

"Some  of  the  orthograptids  of  the  O.  truncatus  type  are 
probably  new.  Their  poor  preservation,  however,  and  that  of 
the  questionable  Diplograptus,  prohibits  more  certain  identifica- 
tion." 

"The  assemblage  of  many  orthograptids  of  the  truncatus 
group  (especially  the  presence  of  O.  truncatus  cf.  var.  inter- 
medins) ,  other  large  diplograptids,  and  the  Climacograptus  of 
the  C.  typicalis  group,  is  probably  representative  of  the  zone  of 
Orthograptus  truncatus  var.  intermedins.  Closely  similar  as- 
semblages have  been  recognized  by  Berry  (1960b,  p.  38)  from 
the  Snake  Hill  and  Canajoharie  shales  in  New  York,  and  the 
Magog  shale  in  Quebec/'  (Pavlides,  Neuman  and  Berry,  1961, 
p.  65-66) . 

Berry  has  examined  poorly  preserved  graptolites  discovered 
by  R.  B.  Neuman  on  the  south  bank  of  the  Aroostook  River  and 
near  the  eastern  border  of  Wade  township  about  a  mile  north 
of  the  northern  boundary  of  the  Presque  Isle  quadrangle,  and 
reports  they  are  probably  of  the  Orthograptus  truncatus  var. 
intermedins  zone  (Berry,  personal  communication,  1961).  On 
this  basis  strata  along  the  eastern  border  of  Wade  and  Castle 
Hill  townships  which  had  previously  been  included  in  Unit  Sau 
of  White  (1943,  pi.  24)  are  now  placed  in  the  ribbon  rock  mem- 
ber of  the  Meduxnekeag  formation. 

Unnamed  Silurian  Limestone 

This  unit  has  been  included  in  the  Aroostook  limestone  by 
previous  workers,  and  was  the  upper  member  of  that  formation 
as  denned  by  White  (1943,  pi.  24)  who  divided  the  Aroostook 
limestone  into  three  members  as  a  lower  member  of  red,  green, 
and  gray  shales  and  slates;  a  middle  limestone  member  —  the 
"ribbon  rock";  and  an  upper  argillaceous  limestone  member 
which  he  characterized  as  "nubbly"  limestone.  As  noted  above 
White's  middle  member  is  now  assigned  to  the  ribbon  rock  mem- 
ber of  the  Meduxnekeag  formation  of  Middle  Ordovician  age. 
On  paleontological  evidence  discussed  earlier  under  the  ribbon 
rock  member,  strata  in  the  eastern  part  of  Castle  Hill  township 
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and  the  western  part  of  Mapleton  township  considered  by  White 
(1943,  pi.  24)  to  be  part  of  the  upper  member  of  the  Aroostook 
formation  are  now  considered  to  be  part  of  the  ribbon  rock  mem- 
ber of  the  Meduxnekeag  formation. 

The  unnamed  Silurian  limestone  forms  a  relatively  narrow 
belt  which  passes  through  the  northern  and  eastern  parts  of  the 
Presque  Isle  quadrangle  (pi.  1) .  In  the  eastern  part  of  the  quad- 
rangle it  overlies  the  ribbon  rock  member  of  the  Meduxnekeag 
formation;  in  the  north-central  part  it  apparently  thins  to  ex- 
tinction and  the  ribbon  rock  seems  to  be  directly  overlain  by  the 
Perham  formation.  The  best  exposure  is  a  cut  on  the  Presque 
Isle-Mapleton  highway  at  the  crest  of  a  large  hill  1.15  miles  east 
of  the  railroad  overpass  in  Mapleton,  and  the  unit  is  also  well 
exposed  in  a  cut  on  the  Bangor  and  Aroostook  Railroad  directly 
north  of  this  point.  Aside  from  an  occasional  road-cut,  the  unit 
is  poorly  exposed  in  the  field. 

Lithology.  —  The  unnamed  Silurian  limestone  consists  chief- 
ly of  silty  gray  limestone  in  beds  one-half  inch  to  two  inches 
thick.  The  bedding  surfaces  are  generally  rough  and  are  either 
plane  or  gently  warped.  Fine-scale  internal  banding  is  common 
within  the  limestone  beds.  These  bands  are  normally  parallel  to 
the  bedding  but  are  gently  convolute  in  a  few  places.  Rounded 
nodules  about  one-half  inch  in  diameter  are  present  in  some  of 
the  beds,  and  this  apparently  caused  White  (1943,  pi.  24)  to 
characterize  the  unit  as  "nubbly"  limestone.  Although  the  beds 
of  limestone  are  commonly  separated  by  very  thin  argillaceous 
layers,  the  interbeds  of  shale  or  slate  that  are  prominent  in  the 
ribbon  rock  are  generally  absent  in  the  unnamed  Silurian  lime- 
stone. 

Lower  contact.  —  The  lower  contact  of  the  unnamed  Si- 
lurian limestone  with  the  underlying  ribbon  rock  member  of  the 
Meduxnekeag  formation  is  not  exposed,  but  the  outcrop  pattern 
of  the  two  units  is  roughly  parallel,  and  suggests  they  are  in  con- 
formable contact. 

Thickness.  —  The  maximum  stratigraphic  thickness  as  esti- 
mated from  the  cross-sections  is  about  4000  feet. 

Age.  —  A  few  fossils  have  been  found  by  P.  E.  Cloud  from 
the  cut  on  the  Mapleton-Presque  Isle  road  al  the  crest  of  the  hill 
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1.15  miles  east  of  the  railroad  overpass  in  Mapleton.  According 
to  H.  B.  Whittington  (written  communication,  1961)  a  trilobite 
from  this  collection  "looks  like  what  Cooper  (1930,  pi.  5,  figs.  1, 
3)  called  Portlockia,  which  is  equivalent  to  Eophacops."  This 
genus  is  noted  in  the  Ashgillian  (Upper  Ordovician)  of  the 
Whitehead  formation  at  Perce,  Quebec  (which  is  of  somewhat 
similar  lithology  to  the  Meduxnekeag?  formation,  but  the  genus 
also  ranges  well  up  into  the  Silurian  (H.  B.  Whittington,  written 
communication,  1961). 

The  following  report,  based  on  new  collections  made  by  R.  B. 
Neuman,  forms  the  basis  for  assigning  the  unnamed  Silurian 
limestone  a  C3-C5  age. 

Doctor  Berdan  reports  the  following  concerning  the  ostra- 
cods : 

This  report  concerns  collection  USGS  6816-SD,  from  the 
"nubbly  beds"  of  the  Aroostook  Limestone  (sic  unnamed  Si- 
lurian limestone),  Maine  Hwy.  163,  1.2  mi.  E.  of  Mapleton, 
Maine,  Mapleton  Twp. 

The  collection  contains  the  ostracods  Zygobolba  inflata 
Ulrich  and  Bassler,  Apatobolbina  sp.,  and  Bolbineossia  sp. 
Zygobolba  is  relatively  abundant,  but  the  other  genera  are 
represented  by  only  one  specimen  each,  so  specific  identifica- 
tion has  not  been  attempted.  Zygobolba  inflata  occurs  in 
the  Zygobolba  anticostiensis  zone  of  the  Jupiter  Formation 
of  Anticosti,  associated  with  Bolbineossia  punctata  (Ulrich 
and  Bassler) .  Apatobolbina  also  occurs  in  the  Jupiter,  but 
usually  in  a  higher  zone,  and  is  associated  with  Bolbineossia 
in  the  Schoolcraft  Dolomite  of  the  Manistique  Group  in 
Michigan.  Gillette  reports  Zygobolba  inflata  in  the  Sodus 
Shale  of  the  Clinton  Group  in  New  York,  and  Ulrich  and 
Bassler  report  the  same  species  from  the  lower  part  of  the 
"Clinton"  at  Hagans,  Virginia.  This  collection  is  presum- 
ably equivalent  in  age  to  the  lower  part  of  the  type  Clinton 
of  New  York,  the  lower  Rose  Hill  of  Maryland,  the  lower 
Jupiter  River  of  Anticosti,  and  may  be  slightly  older  than 
the  Schoolcraft  Dolomite  of  Michigan. 

The  following  brachiopods  were  identified  by  Boucot  from 
this  locality: 

Atrypa  "reticularis" 
Coelospira  cf.  C.  saffordi 
Dalejina  sp. 
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Dicoelosia  sp. 
Glassia  sp. 
Hoivellella  sp. 
Leptaena  " rhomb oidalis" 
Mesopholidostrophia  sp. 
Nucleospira  sp. 
Plectodonta  sp. 
Resserella  sp. 
orthotetaceid,  indet. 
rhynchonellid,  indet. 

This  assemblage  occurs  in  Upper  Llandovery  (C3  or 
younger)  to  Ludlow  age  rocks.  The  ostracods  therefore  give  a 
more  precise  age  (C3  to  C5). 

Dr.  Neuman  reported  as  follows  concerning  the  trilobites : 

Several  specimens  of  trilobites  were  also  obtained.  Most 
important  among  these  are  two  specimens  of  Portlockia,  one  of 
the  two  trilobites  previously  known  from  the  "nubbly"  beds. 
The  only  previously  reported  occurrence  of  this  genus  in  the 
northern  Appalachians  is  in  the  Upper  Ordovician  near  Perce, 
Quebec  (Schuchert  and  Cooper,  1930,  loc.  4).  I  have  learned 
from  Canadian  geologists  working  on  this  area  and  with  fossils 
collected  from  it  that  Silurian  rocks  and  Middle  and  Upper  Ordo- 
vician as  well  might  prove  to  be  present  there. 

This  report  would  not  be  complete  without  acknowledging 
John  Griffin's  part  in  it.  Because  of  his  careful  examination  of 
the  broken  and  etched  fragments  that  he  prepared,  he  discovered 
the  ostracods  and  most  of  the  other  fossils  that  are  identified 
here. 

Undifferentiated  rocks  of  Silurian  and  Ordovician  Age 

Southeastern  part  of  quadrangle 

Outcrops  of  rocks  similar  in  lithology  to  the  upper  member 
of  the  Perham  formation  and  the  "ribbon  rock"  member  of  the 
Meduxnekeag  formation  are  present  in  the  Mars  Hill  quadrangle 
just  east  of  the  border  of  the  Presque  Isle  quadrangle  and  south 
of  the  fault  at  the  southeastern  end  of  Green  Mountain,  and  pre- 
sumably extend  into  the  Presque  [sle  quadrangle  (pi.  1).  The 
presence  of  unnamed  Silurian  limestone  of  C8-CB  age  in  this  area 


seems  likely  if  the  normal  stratigraphic  sequence  in  the  eastern 
part  of  the  quadrangle  is  maintained. 

Castle  Hill  area 

At  Richardson  Hill  (the  northeasternmost  rise  on  Castle 
Hill)  are  numerous  outcrops  of  a  rock  unit  whose  stratigraphic 
relations  with  the  surrounding  rocks  are  largely  unknown.  A 
partial  section  through  the  unit  was  described  by  Cloud  (1941, 
p.  37-38h)  along  the  northern  extension  of  Turner  Road  at  Rich- 
ardson Hill.  Only  a  portion  of  Cloud's  section  was  revisited  in 
the  course  of  the  present  survey,  as  much  of  it  is  now  largely 
buried. 

Lithology.  —  These  rocks  consist  chiefly  of  blue-gray  to 
blue-green  sandstone  which  weathers  gray  or  brown.  It  is 
medium-  to  fine-grained  and  generally  calcareous.  At  a  few 
places  the  sandstone  contains  small  fragments  of  argillite  and 
bits  of  volcanic  rock.  Volcanic  lithic  fragments  are  abundant  in 
some  beds  of  the  sandstone. 

Interbedded  with  the  sandstone  are  small  amounts  of  slight- 
ly calcareous,  greenish  argillite  and  beds  of  fine-pebble  con- 
glomerate. 

Age.  —  These  rocks  are  only  sparingly  f ossilif erous,  but  fos- 
sils collected  and  identified  in  the  field  by  P.  E.  Cloud,  Jr.  (1941, 
p.  37-38h)  from  several  localities  at  Richardson  Hill  indicate 
that  some  of  these  rocks  are  of  Upper  Ordovician  age.  It  is  also 
possible  that  some  Silurian  rocks  equivalent  to  the  Frenchville 
formation  may  also  be  included  under  this  heading. 

The  relationship  of  these  rocks  to  the  underlying  Ordovician 
strata  is  not  known. 

Silurian  rocks 

In  the  northern  part  of  the  Castle  Hill  area  the  Pyle  Moun- 
tain argillite  (Upper  Ordovician)  is  overlain  by  the  Silurian 
Frenchville  formation.  The  Frenchville  appears  to  thin  and  die 
out  southward  and  eastward,  so  that  on  the  eastern  slope  of  Pyle 
Mountain  the  Pyle  Mountain  argillite  of  Ashgillian  age  is  direct- 
ly overlain  by  the  Perham  formation. 
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East  of  Mapleton  the  unnamed  Silurian  limestone  overlies 
the  Meduxnekeag  formation  and  underlies  the  Perham  forma- 
tion. 

The  Perham  formation,  which  consists  chiefly  of  shale  and 
siltstone  with  minor  limestone  and  limestone  breccia,  crops  out 
over  a  wide  area  in  the  Presque  Isle  and  Caribou  quadrangle,  and 
does  not  have  the  f acies  changes  from  east  to  west  that  character- 
ize the  underlying  units.  It  is  divided  into  two  members.  The 
upper  member  is  locally  richly  fossiliferous  and  is  of  Lower  Lud- 
low age  (Upper  Silurian).  The  lower  member  is  sparingly  fos- 
siliferous, and  contains  fossils  of  late  Llandovery  or  Wenlock  age 
near  its  top. 

Frenchville  formation 

The  name  Sheridan  was  applied  to  Silurian  sandstone  in 
Aroostook  County  by  Williams  and  Gregory  (1900,  p.  48,  132- 
133),  but  this  name  has  been  preempted  by  earlier  use  for  a 
Precambrian  formation  in  Yellowstone  Park  and  it  is  not  there- 
fore available  for  use  in  Aroostook  County.  The  Sheridan  of 
Williams'  and  Gregory's  usage  was  further  described  by  Twen- 
hofel  (1941,  p.  172-173),  Cloud  (1941),  White  (1943,  p.  129), 
and  Miller  (1947,  p.  9).  The  name  Frenchville  is  proposed  to 
replace  Williams'  and  Gregory's  Sheridan.  The  town  of  French- 
ville is  four  miles  east  of  Sheridan. 

The  type  area  for  this  unit  as  described  by  Williams  and 
Gregory  (1900,  p.  132-133)  is  along  the  Aroostook  River  and 
nearby  road  cuts  in  the  vicinity  of  the  town  of  Sheridan  in  the 
Ashland  quadrangle.  Sandstone  similar  to  that  of  the  type  area 
is  widespread  in  the  northern  part  of  the  Ashland  quadrangle. 
Sandstone  of  somewhat  different  lithology,  but  apparently  sim- 
ilar in  stratigraphic  position  is  sparingly  exposed  to  the  north 
and  west  of  Castle  Hill.  It  is  correlated  with  the  Silurian  sand- 
stones from  Ashland  and  included  in  the  Frenchville  formation. 
Also  included  in  the  Frenchville  formation  are  areas  of  Silurian 
sandstone  and  conglomerate  in  the  Caribou  quadrangle  (includ- 
ing fossil  locality  E-12)  and  the  southwestern  part  of  the  Stock- 
holm quadrangle. 

Lithology.  —  The  rock  in  Williams'  and  Gregory's  type  area 
(1900,  p.  48,  p.  132-133)  is  principally  a  light-gray  or  buff-gray, 


fine-grained,  feldspathic  sandstone.  Commonly,  it  contains  small 
angular  fragments  of  slate  that  are  a  distinctive  but  not  diag- 
nostic feature  of  the  unit,  and  it  is  locally  calcareous.  The  sand- 
stone is  interbedded  with  conglomerate  and  very  minor  amounts 
of  shale.  The  exposures  west  of  Castle  Hill  are  of  a  dark  gray, 
weakly  calcareous,  pitted,  fine-grained,  argillaceous  graywacke 
sandstone.  Further  to  the  northeast  the  sandstone  is  less  argil- 
laceous and  lacks  the  slate  chips  found  in  the  type  area. 

Lower  contact.  —  The  contact  between  the  Frenchville  and 
the  underlying  Pyle  Mountain  argillite  on  the  west  slope  of 
Castle  Hill,  is  believed  to  be  located  within  an  accuracy  of  100 
feet.  Due  to  uncertainty  in  determining  bedding  attitudes  on 
either  side  of  the  contact  it  is  not  known  whether  the  Pyle  Moun- 
tain argillite  and  the  Frenchville  are  conformable  or  separated  by 
an  angular  unconformity. 

Thickness.  —  As  estimated  from  structure  sections  this  for- 
mation is  about  1100  feet  thick. 

Age. — Williams  and  Gregory  (1900,  p.  47-48)  list  several 
fossil  collections  from  the  Frenchville  formation  in  the  Caribou 
and  Ashland  quadrangles.  The  localities  and  their  descriptions 
are  taken  from  their  report. 

Location  1097A  (South  of  the  Aroostook  River  on  the  north 
road  from  Ashland  to  Presque  Isle,  a  few  rods  north  of  the  south- 
ern boundary  of  Sheridan  Township),  (this  locality  was  not  re- 
located during  the  course  of  the  present  study). 

Strophomena  rhomboidalis  Stropheodonta  sp. 
Orthothetes  subplanus        ?Atrypa  reticularis 
Anoplotheea  hemispherica  ?Platyo stoma  sp. 
Leptaena  transversalis       Corals,  several  species 
Orthis  sp.  Spirifer  cf.  radiatus 

Location  1096A  =  E-12  (see  appendix  3) 

Anoplotheea  hemispherica  cf.  Streptelasma  calicula 
Leptaena  transversalis       cf.  ?Paleodelasma  turbinatum 
Pentamerus  cf.  oblongus    cf.  Cladopora  fibrosa 
Pleurotomaria  sp. 

(Other  collections  were  made  from  drift  boulders  in  the  Wood- 
land Township.) 
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The  collections  listed  above  are  reinterpreted  by  Boucot  as 
Upper  Llandovery  (G3-C5)  age. 

At  Locality  E-2  in  the  Presque  Isle  quadrangle  (PL  1)  the 
Frenchville  has  yielded  a  halysitoid.  Although  this  fossil  is 
known  in  Maine  from  the  Ordovician,  it  is  generally  considered 
to  indicate  a  Silurian  age. 

At  Locality  E-ll  (road  cut  on  northern  Presque  Isle- Ashland 
road,  see  appendix  3)  Forbes  made  a  collection  which  contained 
the  following  fossils : 

Eocoelia  cf.  E.  hemisphaerica 
Stricklandia  lens  cf.  ultima 
Cyrtia  sp. 

Atrypa  "reticularis" 
Pentamerus  sp. 
Paleoeyclus  sp. 
trilobite 

The  E-ll  collection  is  of  C.-C-  age  as  indicated  by  the  pres- 
ence of  Stricklandia  lens  cf.  ultima.  This  age  determination  is 
buttressed  by  the  occurrence  of  Eocoelia  cf.  E.  hemisphaerica 
which  has  a  range  of  C,-C,.  The  E-ll  fauna  is  very  similar  to 
that  reported  by  Williams  and  Gregory  from  the  nearby  ''loca- 
tion 1097A."  It  is  of  interest  that  E.  hemisphaerica  was  re- 
ported from  1097A. 

At  Locality  E-12  (situated  in  the  Caribou  quadrangle,  see 
appendix  3)  Douglas  Smith  &  Naylor  made  a  collection  which 
contained  the  following  fossils: 

Eocoelia  cf.  E.  hemisphaerica 
Stricklandia  lens  cf.  ultima 
Pentamerus  sp. 
Leptaena  "rh am boidalis" 
Plectondota  sp. 

The  E-12  collection  is  also  of  C.-C-,  age  for  the  same  reasons 
as  given  for  E-ll. 

Perham  formation 

The  Perham  formation  roughly  approximates  the  Ashland 
formation  of  previous  workers.  The  name  Ashland,  however, 
had  been  earlier  assigned  to  a  Precambrian  formation  in  eastern 
Alabama  and  is  not  available  for  use  in  northern  Maine.  Wil- 
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liams  and  Gregory  (1900,  p.  21,  45-48,  49-54)  list  as  separate 
units  the  Ashland  shale,  the  Ashland  limestone,  and  a  graptolite 
shale  member.  Twenhofel  (1941,  p.  167-172)  and  others  have 
lumped  these  three  units  into  the  Ashland  formation. 

In  this  report  the  Perham  formation  is  divided  into  two 
parts.  The  upper  member  contains  orange-weathering  calcare- 
ous siltstone,  sandy  siltstone,  and  ankeritic  siltstone,  dark  gray 
micaceous  shale,  brownish-gray  blocky  shale  and  minor  lime- 
stone breccia.  The  lower  member  contains  gray,  greenish-gray, 
and  reddish-gray,  chiefly  noncalcareous  argillite  locally  contain- 
ing manganese-  and  iron-rich  lenses. 

The  upper  member  contains  graptolites  and  shelly  faunas 
of  lower  Ludlovian  age  (Upper  Silurian).  The  lower  member 
is  rarely  fossiliferous  but  appears  to  grade  upward  into  the 
upper  member,  so  the  two  members  are  considered  part  of  a 
single  unit.  The  upper  part  of  the  lower  member  at  one  locality 
(E-13)  contains  pre-Ludlow  age  Silurian  fossils. 

The  upper  member  of  the  Perham  underlies  much  of  the 
north-central  part  of  the  Presque  Isle  quadrangle  and  occurs  near 
the  eastern  and  northwestern  edges  of  the  quadrangle.  It  is  also 
widely  distributed  in  the  Caribou,  Portage,  and  Ashland  quad- 
rangles (respectively  north,  northwest,  and  west  of  the  Presque 
Isle  quadrangle) .  The  two  members  gradually  become  indistin- 
guishable from  each  other  east  of  Haines  Hill,  near  the  eastern 
border  of  the  quadrangle,  and  are  mapped  as  undifferentiated 
Perham  formation,  Sp.  (pi.  I).3 

Lithology  of  the  lower  member  of  the  Perham  formation.  — 
The  lower  member  consists  largely  of  gray,  greenish-gray,  or 
reddish-gray,  fine-grained,  non-micaceous,  generally  noncalcar- 
eous argillite.  A  characteristic  feature  of  the  unit  is  its  closely 
spaced  cleavage  that  causes  the  shale  to  break  loose  in  small  tile- 
like shards.  Bedding  is  commonly  obscured  by  this  cleavage, 
but  is  preserved  by  fine  sandy  layers  at  a  few  places.  Although 
the  lower  part  is  largely  noncalcareous,  a  few  calcareous  beds 
are  present,  especially  near  the  contact  with  the  upper  member 
of  the  unit. 

3  In  1962  Mr.  Douglas  Smith  discovered  a  section  through  the  Perham  formation  ex 
posed  on  the  Blackstone  farm  in  the  centra]  part  of  the  Caribou  quadrangle.  This 
section,  although  incomplete,  is  superior  to  ;my  section  exposed  in   this  formation  in 
the  Presque  Isle  quadrangle,  and  is  the  type  section  of  (lie  lower  two  thirds  of  the 
Perham  formation.    The  section  is  described  in  appendix  4. 
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The  lowest  member  of  White's  Aroostook  limestone  (1943, 
p.  128-129)  is  herein  assigned  to  the  lower  member  of  the  Per- 
ham  formation.  White  placed  this  unit  at  the  base  of  his.  Aroos- 
took formation  but  pointed  out  the  possibility  that  the  unit  might 
be  equivalent  to  the  shales  of  the  Ashland  formation  (White, 
1943,  p.  128) .  The  lower  member  of  the  Perham  formation  was 
originally  described  by  Miller  (1947,  p.  10)  as  "gray  and  green 
shale,  slate,  and  phyllite,  calcareous  shale,  and  shaly  limestone. 
Locally  the  member  contains  beds  of  red  shale,  and  in  the  upper 
part  thin  beds  of  limestone  are  intercalated.  The  shales  and  cal- 
careous shales  are  locally  manganiferous  and  most  of  the  man- 
ganese prospects  of  the  northern  district  lie  within  the  belt  of 
this  member  extending  from  New  Sweden  township  southward 
to  Castle  Hill  township." 

The  manganese  deposits  in  these  rocks  have  been  described 
by  White  (1943,  p.  153-158)  and  Miller  (1947,  p.  42-61). 

The  shale  of  this  unit  has  been  baked  locally  by  teschenite 
and  granite  intrusives.  Such  baked  rock  is  characterized  by 
closely  spaced  joints  that  impart  a  blocky  fracture,  and  this  bak- 
ing has  made  the  shale  more  dense  and  locally  porcelaineous.  On 
Haines  Hill  not  far  from  Munson's  granite  (pi.  1)  some  thin  beds 
are  pyritiferous  and  weathered  to  a  bright  rust  color. 

Typical  exposures  of  both  the  metamorphosed  and  unmeta- 
morphosed  rock  may  be  seen  in  an  area  about  1^4  miles  east  to 
east-southeast  of  the  town  of  Mapleton. 

The  contact  between  the  lower  and  upper  members  of  the 
Perham  formation  is  gradational  as  judged  by  the  road-cut  ex- 
posures on  the  northern  road  from  Presque  Isle  to  Ashland,  at 
the  crest  of  the  first  hill  west  of  the  intersection  with  Dudley 
Road. 

Lithology  of  the  upper  member  of  the  Perham  formation. — 
The  upper  member  of  the  Perham  formation  is  more  varied  in 
lithology  than  the  lower  member,  but  it  may  be  traced  as  a  recog- 
nizable stratigraphic  unit  over  much  of  the  Presque  Isle,  Cari- 
bou, and  Ashland  quadrangles  and  over  part  of  the  Portage 
quadrangle. 

The  most  common  rock  is  medium-grained,  buff-gray  to 
bluish-gray,  calcareous  and  somewhat  sandy  si  It  stone  that  OC- 
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curs  in  beds  from  one  inch  to  two  feet  thick.  These  beds  are 
normally  orange-weathering  and  are  commonly  characterized  by 
a  sharply  defined  single-zoned  or  double-zoned  orange-weather- 
ing rim  from  y±  inch  to  V2  incn  thick.  Some  of  the  beds  do  not 
react  appreciably  to  cold  dilute  acid,  yet  are  seen  in  thin  section 
to  be  largely  composed  of  carbonate,  and  are  possibly  ankeritic. 
In  the  western  part  of  the  quadrangle  the  amount  of  sand  within 
the  unit  increases.  The  sandy  beds  generally  have  a  pronounced 
blocky  jointing  and  alternate  with  beds  of  calcareous  siltstone. 
All  of  these  rocks  normally  show  faint  internal  laminations 
parallel  to  the  bedding.  At  a  few  places  the  rocks  are  cross- 
laminated.  Typical  exposures  of  this  rock  may  be  seen  on  the 
northern  Presque  Isle-Ashland  road  in  a  cut  at  the  crest  of  the 
hill  east  of  the  intersection  with  Dudley  Road,  and  also  along  the 
road  which  runs  west  from  the  village  of  Spragueville. 

Another  common  rock  is  thin-bedded  (about  ^4  mcn  to  % 
inch),  micaceous,  slightly  calcareous  or  non-calcareous,  dark 
gray  shale  which  crops  out  in  fields  two  miles  southeast  of  the 
town  of  Mapleton. 

Scattered  exposures  of  limestone  breccia  within  the  upper 
member  of  the  Perham  formation  may  represent  debris  eroded 
from  contemporaneous  reefs.  These  rocks  consist  chiefly  of 
brecciated  angular  to  subrounded  fragments  of  fairly  pure,  gray 
limestone  held  in  place  with  calcareous  matrix  in  such  a  way 
that  the  fragments  tend  to  fit  together  like  a  jig-saw  puzzle,  sug- 
gesting that  brecciation  and  cementation  occurred  with  little 
transportation  of  the  fragments.  In  some  places  the  breccia 
contains  abundant  shelly  fossils.  The  breccia  is  exposed  at  the 
following  localities:  1.9  miles  east  of  the  summit  of  Pyle  Moun- 
tain ;  North  Branch  of  Presque  Isle  Stream  at  its  crossing  under 
the  West  Chapman  road;  50  yards  west  of  the  same  road  at  a 
point  14  mile  north  of  the  railroad  crossing  at  Chapman. 

Brownish-gray  blocky  shale  crops  out  in  a  lens  about  half  a 
mile  long  and  400  feet  wide  on  the  east  side  of  Green  Mountain. 
The  shale  is  silty,  generally  noncalcareous,  brown-weathering, 
and  commonly  fractures  conchoidally  in  pieces  a  few  inches  wide. 
A  bed  of  red  shale,  two  or  three  feet  thick,  is  present  in  this  lens, 
as  is  a  zone  containing  barite-rich  nodules  V2  mcn  to  2  inches  in 
diameter. 


36 


Lower  contact.  —  From  east  to  west  in  the  Presque  Isle 
quadrangle  the  Perham  formation  appears  to  be  underlain  suc- 
cessively by  the  unnamed  Silurian  limestone,  the  ribbon  rock 
member  of  the  Meduxnekeag  formation,  the  Pyle  Mountain  argil- 
lite,  and  the  Frenchville  formation.  Nowhere  are  the  actual  con- 
tacts seen,  and  the  problem  is  complicated  by  the  difficulty  in  ob- 
taining bedding  attitudes  in  the  lower  member  of  the  Perham 
formation.  However,  the  subparallel  alignment  of  belts  of  the 
Perham  formation  with  those  in  the  underlying  units  suggests 
that  the  relationship  is  one  of  conformity  or  disconf ormity 
rather  than  angular  unconformity. 

Thickness.  —  The  thickness  of  the  Perham  formation  seems 
to  be  variable.   It  averages  about  4000  feet. 

Age.  —  The  dating  of  the  Perham  formation  is  based  on  fos- 
sils found  chiefly  within  its  upper  member.  Twenhofel  (1941, 
p.  166-174)  lists  the  following  fauna  from  this  unit: 

Clathrodictyon  vesictdosum  Schiwhertella  cdterniradiata 

Enterolasma  calycula  Spirifer  cf.  sidcata 

Favosites  hisingeri  Stricklandia  davidsoni 

F.  gothlandicus  Whitfieldella  nitida 

Zaphrentis  stokesi  W.  oblata 

Atrypa  margincdis  Uncinidus  stricklandi 

A.  reticularis  Plethomytilus  n.  sp. 

Bilobites  biloba?  Pterinea  sp. 

Clorinda  linguifera  Cypricardinia  n.  sp. 

Coelospira  hemispherical  Diaphorostoma  niagarensis 

Conchidium  knighti  Platyceras  niagarensis 

Cyrtina  exporrecta  Hormotoma  sp.  1 

Camarotoechia  acinus  H.  sp.  2 

C.  nucula  Holopea  n.  sp. 

C.  borealis  Pleurotomaria  sp. 

C.  sp.  Amphilichas  shallopensis 

Dolerorthis  flabellil<s  Calymene  schucherti 

Eospirifer  radiatus  Cheirurus  sp. 

Lcptaena  rhomboidaJis  Cyphaspis  cf.  christyi 

Parmorthis  elegantida  Dalmavites  sp. 

Plagiorli ynrlid  <l '<  c<  m pi 'i<-<i f a  E iicriti urns  caplinensis 

llhynchotrema  cuneata  Eophacops  orestes 

Sotrerbyella  transvcrsaUs  Ilhteuiix  sp. 

Strophoprtov  r/evicitlat n m  Proetvs  sp. 
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However  there  are  inconsistencies  within  this  list,  such  as  the 
presence  of  both  Conchidium,  which  is  restricted  to  beds  of  Lud- 
lovian  age,  and  "Coelospira"  hemispherica  which  has  never  been 
found  in  beds  younger  than  Wenlockian,  indicating  that  these 
fossils  are  from  several  horizons,  and  that  the  list  is  of  little  use 
for  precise  dating. 

Fossils  collected  by  Cloud  from  the  Dudley  farm  about  1.45 
miles  west  of  the  railroad  overpass  in  Mapleton  and  about  1500 
feet  south  of  the  road  (Loc.  A-2)  have  been  examined  by  Boucot 
and  observed  to  contain  the  genus  Conchidium  which  is  indica- 
tive of  a  Lower  Ludlow  age  (Upper  Silurian). 

The  following  collections  of  fossils  have  been  examined  and 
identified  by  Dr.  W.  B.  N.  Berry  (written  communications,  1960, 
1961  and  1963)  : 

1)  from  the  top  of  a  small  knoll  (elevation  600+  feet)  one 
mile  east-northeast  of  the  settlement  of  Chapman  (locality  E-5 
on  plate  1)  : 

Monograptus  colonus 
M.  dubius 
M.  sp. 

2)  from  the  Dean  farm,  on  the  hill  (elevation  700+  feet) 
11/4  miles  west-northwest  of  Edmund's  Hill  (locality  B-2  on  plate 
1): 

Monograptus  colonics 

M.  dubius 

M.  cf.  M.  forbesi 

M.  cf.  M.  scanicus 

M.  uncinatus  var.  micropoma 

M.  sp.  (see  Berry,  1960a,  p.  1161,  fig.  D) 

3)  from  the  roadside  on  the  slight  rise  just  north  of  Lam- 
son  Brook,  2/3  mile  west-northwest  of  Spragueville  (loc.  E-9, 
Pi.  1)  : 

Monograptus  colonus 
M.  cf.  M.  dubius 
M.  forbesi 
M.  scanicus 

M.  sp.  (see  Berry,  1960a,  p.  1161,  fig.  D) 
Monograptid  of  type  III 
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All  of  these  collections  are  considered  by  Berry  (written  com- 
munication, 1960,  1961)  to  be  of  the  zone  Monograptus  nilssoni, 
of  Lower  Ludlovian  age  (Upper  Silurian) . 

Graptolites  from  the  east  side  of  the  first  hill  north  of  Gar- 
land Hill  (loc.  A-8,  pi.  1)  were  identified  by  Berry  (written  com- 
munication, 1961)  as  being  of  the  same  age  as  a  collection  from 
Demarchant  Brook  in  the  Ashland  quadrangle  about  five  miles 
west  of  Mapleton.  Both  of  these  are  from  the  zone  of  Mono- 
graptus nilssoni  and  are  of  Lower  Ludlovian  age  (Upper  Silu- 
rian). Locality  A-8  is  probably  the  Littlefield  farm  locality  of 
Twenhofel  (1941,  p.  169-172). 

Fossils  from  a  locality  near  Echo  Lake  in  Aroostook  State 
Park  (loc.  E-7,  pi.  1)  were  identified  by  Boucot  and  dated  as 
Silurian : 

"Camarotoechia"  sp. 
Coelospira  cf.  C.  saffordi 
Enarinurus  sp. 
Glassia?  sp. 
Platyceras  sp. 
Plectodonta  sp. 

4)  Locality  PV  of  type  section  (see  Appendix  4)  : 

Monograptus  cf.  M.  formosus  Boucek 
Monograptus  aff.  M.  micropoma  (Jaeckel) 
Monograptus  cf.  M.  unicinatus  Tullberg 
Monograptus  sp.  (fragmentary  rhabdosome 
with  thecae  like  those  of  M.  chimaera) 

This  collection  is  probably  representative  of  the  Early  Lud- 
low Zone  of  Monograptus  nilssoni. 

Datable  fossils  from  the  upper  part  of  the  lower  member  of 
the  Perham  formation  were  found  at  locality  E-13  and  include 
the  following : 

Leangella  sp. 
smooth  atrypacean 
trilobite 

Leangella  has  never  been  found  above  the  Wenlockian.  This 
fact  coupled  with  the  C4-CB  age  of  the  underlying  Frenchville  for- 
mation bracket  the  lower  member  of  the  Perham  between  C4-CB 
and  the  Wenlock. 
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Datable  fossils  from  the  lower  member  were  also  found  by 
Smith  at  his  locality  973,  8.6  miles  N  5°W  from  Perham,  West- 
manland  township,  Caribou  quadrangle  on  the  northwest  side  of 
the  road  (at  a  bend)  and  include  the  following  graptolites  identi- 
fied by  Berry  (written  communication,  1963)  : 

Monograptus  cf.  M.  flemingi  (Salter) 
Monograptus  sp.  (with  hooked  thecae  of  the 

M.  priodon  type). 
Monograptus  sp.  (with  simple  dichograptid  thecae) 

Berry  considers  that  this  collection  is  "probably  Wenlock  — 
possibly  latter  part  of  the  Wenlock." 

Devonian  rocks 

Dockendorff  group 

The  Dockendorff  group  is  the  name  herein  given  to  a  se- 
quence of  volcanic  and  sedimentary  rocks  of  Early  Devonian  age 
that  occur  in  the  Chapman  syncline  (pi.  1).  The  name  is  taken 
from  Dockendorff  Brook,  a  tributary  of  Presque  Isle  Stream  in 
the  eastern  part  of  Chapman  township.  The  Hedgehog  forma- 
tion, which  lies  unconformably  on  the  Silurian  rocks  of  the  area, 
is  the  basal  unit  of  the  Dockendorff  group.  Three  formations  of 
more  or  less  equivalent  age  conformably  overlie  the  Hedgehog 
formation ;  the  Edmunds  Hill  andesite,  which  occurs  at  the  north 
end  of  the  Chapman  syncline,  interfingers  southward  with  the 
Chapman  sandstone,  which  is  believed  to  grade  southward  into 
the  Swanback  formation. 

The  maximum  thickness  of  the  Dockendorff  group  is  about 
19,500  feet  as  measured  in  section  C-D  of  plate  1,  but  the  average 
thickness  of  the  group  is  about  12,000  feet.  A  complete  section 
across  the  Dockendorff  group  is  not  available,  but  type  areas  are 
present  for  the  different  formations  it  contains. 

Lower  part  of  Dockendorff  group 
Hedgehog  formation 

The  Hedgehog  formation,  as  herein  denned,  consists  of  nu- 
merous relatively  small  lenses  composed  chiefly  of  silicic  and 
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intermediate  volcanic  rocks,  but  with  minor  lentils  of  interca- 
lated sedimentary  rocks.  The  lenses  are  complexly  interlayered, 
and  a  stratigraphic  order  could  not  be  determined.  Williams  and 
Gregory  (1900)  studied  and  described  most  of  the  volcanic  rocks 
in  the  Presque  Isle  quadrangle.  They  assigned  local  names  to 
many  of  them,  commonly  naming  them  for  the  ridges  along 
which  they  crop  out.  Thus,  they  named  the  Hedgehog  trachyte 
after  Hedgehog  Mountain  in  the  west-central  part  of  the  Presque 
Isle  quadrangle  (pi.  1)  and  the  Quaggy  Joe  quartz  trachyte  after 
the  ridge  of  that  name  along  the  eastern  part  of  the  quadrangle 
(pi.  1).  The  name  Hedgehog  formation  is  herein  defined  to  in- 
clude the  volcanic  rocks  described  by  Williams  and  Gregory 
(1900,  p.  107-111,  152-  168)  from  Hedgehog  Mountain.  Quaggy 
Joe  Mountain,  and  along  Presque  Isle  Stream.  Volcanic  rocks  of 
the  Hedgehog  formation  also  occur  between  Hedgehog  Mountain 
and  Squapan  Lake,  along  the  west  side  of  the  Presque  Isle  quad- 
rangle, and  on  the  small  hill  northwest  of  Garland  Hill  (pi.  1). 

Most  of  the  volcanic  rocks  herein  assigned  to  the  Hedgehog 
formation  apparently  were  believed  to  be  flows  by  Williams  and 
Gregory  (1900,  p.  107,  108).  White  (1943,  p.  128),  however, 
considered  these  rocks  to  be  subparallel  intrusives.  Direct  field 
evidence  as  to  the  extrusive  or  intrusive  nature  of  these  rocks  is 
commonly  lacking  because  contacts  between  them  and  the  enclos- 
ing sedimentary  rocks  are  concealed  or  give  only  equivocal  evi- 
dence. The  volcanic  rocks  of  the  Hedgehog  formation  are  con- 
formable with  the  enclosing  sedimentary  rocks  and  are  also 
folded  with  them  (pi.  1)  ;  they  are,  therefore,  believed  to  be 
mostly  flows.  Some,  however,  may  be  sills  intercalated  between 
flows  and  sedimentary  rocks.  The  presence  of  minor  amounts  of 
pyroclastic  rocks  is  also  suggestive  of  a  volcanic  origin  for  the 
bulk  of  the  igneous  rocks. 

Lithology.  —  Volcanic  rocks  of  the  Hedgehog  formation  in- 
clude andesite,  trachyte,  tuff,  and  rhyolite.  The  typical  complex 
manner  in  which  the  lenses  of  these  volcanic  rocks  are  inter- 
layered with  each  other  and  with  lenses  of  sedimentary  rocks  is 
readily  seen  on  Hedgehog  Mountain,  Garland  Hill,  and  Chandler 
Mountain  (pi.  1 ).  Mappable  units  are  light-colored  trachyte  and 
rhyolite  (I)htr),  andesite  (I)ha),  tuff  (I)ht),  and  dark-colored 
trachyte  (Dhdt). 
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Andesite.  —  Andesitic  rocks  crop  out  chiefly  along  the  west 
slope  of  Hedgehog  Mountain  and  the  hills  between  Hedgehog 
Mountain  and  Squapan  Lake  (pi.  1).  A  smaller  andesitic  mass 
is  also  present  north  of  Quaggy  Joe.  The  andesitic  rocks  of  the 
Hedgehog  formation  are  fine-  to  medium-grained  and  generally 
dark  blue-gray,  although  a  brick-red  variety  is  also  present  that 
contains  vesicles  and  cavities  filled  with  calcite  and  quartz  and 
may  have  formed  near  the  tops  of  flows.  The  weathered  surface 
of  the  andesitic  rock  shows  a  mesh  of  feldspar  laths. 

Thin  sections  of  andesitic  rocks  show  a  mesh  of  plagioclase 
laths,  with  smaller  grains  of  clinopyroxene  and  magnetite- 
ilmenite.  These  primary  minerals  comprise  about  80%  of  the 
rock  volume,  the  remaining  20  %  consisting  of  a  suite  of  second- 
ary minerals  which  occupy  the  space  between  the  plagioclase 
laths.  These  secondary  minerals  include  chlorite,  calcite,  albite, 
quartz,  white  mica,  epidote,  and  sphene.  One  sample  contained 
analcite.  Apatite  is  the  most  common  accessory  mineral,  with 
lesser  amounts  of  zircon.  A  few  grains  of  biotite  occur,  with 
rims  of  chlorite.  The  primary  plagioclase  is  altered  to  albite 
and  contains  an  undetermined  amount  of  fine  inclusions  of  white 
mica,  calcite,  epidote,  and  chlorite.  The  paragenesis  represents 
the  deuteric  and  low  temperature  hydrothermal  alteration  of  a 
sodic  andesite  or  spilite. 

The  diabase  (d)  in  the  sill  (?)  northwest  of  Hedgehog 
Mountain  (pi.  1)  is  possibly  a  coarser-grained  intrusive  phase 
of  the  andesitic  rock. 

Modal  analyses  of  andesite  are  listed  in  table  3. 


Table  3.    Modal  analyses1  of  andesitic  rocks  from  the  Hedgehog- 
formation. 


Specimen  numbers 

l2 

22 

3 2  (composite 
sample) 

Plagioclase 

41 

47 

57 

Orthoclase 

10 

10 

5-15 

Pyroxene 

4-8 

Quartz 

6 

Calcite 

11 

17 

minor 

Chlorite 

27 

21 

7-8 

Magnetite  and 

ilmenite 

5 

5 

2-5 

Total 

100 

100 

100 

1  Analyses  by  Raymond  Fletcher 

2  Specimens  1,  2,  and  3  are  from  the  western  slope  of  Hedgehog  Mountain,  about  one 
mile  south  of  Bald  Knob.    Column  3  shows  the  range  for  three  samples. 
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The  plagioclase  ranges  in  composition  from  An30  to  An40.  Chlo- 
rite occurs  as  a  yellow-green  variety  and,  less  commonly,  a  blue- 
green  variety  that  is  characterized  by  a  Berlin-blue  interference 
color.  The  pyroxene  is  close  to  diopside  in  composition.  Num- 
bers 1  and  2  of  table  3  represent  highly  altered  rocks ;  number  3 
gives  the  range  in  composition  as  determined  from  3  fairly  un- 
altered rocks.  The  total  chlorite  and  calcite  content  of  specimen 
number  1  of  Table  3  is  roughly  equivalent  to  about  10  to  15  per- 
cent diopside,  which  is  consistent  with  its  being  an  altered 
andesite. 

Trachyte.  —  Light-colored  trachyte  (Dhtr)  crops  out  on 
most  of  the  ridges  underlain  by  the  Hedgehog  formation.  These 
rocks  also  occur  near  Birch  Point,  west  of  Hedgehog  Mountain. 

Trachyte  is  generally  well  exposed  along  the  east  slopes  of 
Quaggy  Joe  and  Green  Mountain  (pi.  1).  Some  of  the  trachyte 
here  is  intermixed  with  green  trachytic  tuffs.  Locally,  "birch- 
bark"  texture  is  present  in  the  trachyte  along  the  east  side  of  the 
hill  between  Quaggy  Joe  and  Lamson  Brook  and  in  a  thick  lens 
on  the  East  Branch  Pinnacles.  A  thin  lens  of  the  "birchbark" 
type  also  occurs  at  the  northern  end  of  Hedgehog  Mountain  and 
near  Bald  Knob  of  this  mountain  (pi.  1). 

Quartz  trachyte  is  light  buff,  with  a  fine-grained  texture. 
In  hand  specimen  some  of  the  rock  is  massive,  but  much  of  it 
contains  such  flow  features  as  flow  banding  or  aligned  vesicles 
or  amygdules.  On  the  south  side  of  Garland  Hill,  flow  banding- 
is  well  developed  and  parallels  the  lower  contact  of  the  unit. 
"Birchbark"  texture  in  some  of  the  trachyte  lenses  results  from 
brown  iron  oxide  in  parallel  stretched  vesicles. 

In  this  section  the  trachytes  show  a  variety  of  textures, 
ranging  from  cryptocrystalline  with  a  few  phenocrysts  of  feld- 
spar, to  typical  trachytic  texture,  and  to  hypidiomorphic  gran- 
ular texture  containing  grains  of  quartz  and  feldspar  with  su- 
tured boundaries.  Almost  all  thin  sections  of  trachyte  examined 
show  flow  banding  or  the  orientation  of  mineral  grains  and 
amygdules.  The  trachyte  consists  chiefly  of  feldspar  laths,  irre- 
gular grains  of  quartz  and  feldspar,  minor  chlorite,  and  fine- 
Krai  nod  magnetite.  Phenocrysts  of  oligoclase  are  present  though 
rare.  Mafic  minerals  other  than  minor  amounts  of  chlorite  and 
magnetite  have  not  been  observed  in  any  of  the  examined 
samples. 
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Tuff.  —  Green  trachytic  tuff  (Dht)  occurs  along  the  length 
of  Hedgehog  Mountain,  on  Garland  Hill,  on  Chandler  Mountain, 
and  also  on  Birch  Point.  It  is  not  associated  with  the  trachyte 
of  Griffin  Ridge,  but  it  does  occur  on  the  ridge  to  the  north  of 
Quaggy  Joe,  on  Quaggy  Joe,  Green  Mountain,  and  on  the  East 
Branch  Pinnacle  (pi.  1). 

The  green  trachytic  tuff  is  composed  in  general  of  tabular, 
angular  fragments  of  foliate  trachyte  in  a  foliated  matrix.  At  a 
few  places,  the  tuff  contains  fragments  of  felsite  up  to  four 
inches  in  diameter.  The  tuff  is  pistachio  green  and  generally  has 
a  streaked  appearance. 

Phenocrysts  of  oligoclase  are  visible  in  thin  section.  These 
are  in  linear  alignment  or  occur  singly,  within  the  plane  of  foli- 
ation, in  both  the  lithic  fragments  and  the  groundmass.  Angular 
quartz  grains  are  visible  in  the  fine-grained  groundmass,  as  are 
streaks  of  green  chlorite. 

Dark-colored  trachyte.  —  A  lens  of  a  distinctive  dark- 
colored  trachyte  (Dhdt)  extends  along  the  east  slope  of  Hedge- 
hog Mountain  from  Bald  Knob  north  to  Garland  Hill.  Dark 
green  tuffs  which  crop  out  on  Chandler  Mountain  may  represent 
a  pyroclastic  phase  of  the  dark-colored  trachyte.  Along  Hedge- 
hog Mountain  to  the  north  of  Bald  Knob,  the  east  slope  of  the 
ridge  is  believed  to  correspond  roughly  with  the  dip  of  this 
trachyte.  The  unit  is  underlain  by  green  tuff  and  is  overlain  by 
the  Swanback  formation  (pi.  1). 

The  dark-colored  trachyte  ranges  from  dark  brown  to  green 
and  to  black  in  unweathered  material.  It  is  finely  granular  in 
texture  and  consistently  contains  ellipsoidal  quartz-filled  amyg- 
dules  and  elongate  vesicles,  both  of  which  are  generally  in  par- 
allel orientation.  Near  the  contact  with  the  Swanback  formation, 
the  dark-colored  trachyte  is  brecciated. 

The  rock  has  a  cryptocrystalline  groundmass,  with  angular 
quartz  grains,  feldspar  laths,  and  a  small  amount  of  chlorite 
(about  5%).  Phenocrysts  of  oligoclase  (about  5%),  calcite,  and 
finely  disseminated  magnetite  are  also  present.  The  tabular 
minerals  of  the  rock  commonly  are  in  parallel  alignment. 

The  darker  color  of  this  rock,  and  the  consistent  occurrence 
of  vesicles  and  amygdules,  distinguish  it  from  the  light-colored 
trachytes. 
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Sedimentary  rocks.  —  Lenses  of  sedimentary  rocks  (Dhs) 
are  interbedded  with  volcanic  rocks  along  the  west  slope  of 
Hedgehog  Mountain  and  near  the  East  Branch  Pinnacles  at  the 
southeast  corner  of  the  quadrangle.  Along  Spring  Brook  on 
Hedgehog  Mountain  a  thin  band  of  gray  and  red  siltstone  is  in- 
tercalated between  light-colored  felsite,  and  at  the  southern  end 
of  the  ridge  another  narrow  band  of  siltstone  and  fine-grained 
sandstone  separates  andesitic  rocks.  Along  the  West  Branch  of 
Presque  Isle  Stream,  in  the  southern  part  of  the  quadrangle,  a 
well-exposed  section  of  these  sedimentary  rocks  is  present.  Tuff 
is  locally  interlayered  with  these  sedimentary  rocks  at  one  place. 
The  rocks  are  also  exposed  nearby  on  a  woods  road  running 
roughly  east-west  between  the  East  and  West  Branches  of 
Presque  Isle  Stream. 

Thickness.  —  The  maximum  thickness  of  the  Hedgehog  for- 
mation as  measured  in  structure  sections  is  about  6,000  feet,  and 
the  average  thickness  is  about  4,000  feet. 

Age.  —  The  Hedgehog  formation  is  of  New  Scotland  (Early 
Devonian)  age.  This  age  is  based  on  fossils  from  volcanic  rocks 
that  occur  immediately  west  of  Edmunds  Hill.  White  (1943,  pi. 
24)  was  the  first  to  date  the  boulders  of  volcanic  rocks  here  as 
of  New  Scotland  age,  and  subsequent  collections  by  Fletcher 
from  this  locality  have  substantiated  this  age.  Fletcher's  collec- 
tions come  from  tuffaceous  boulders  of  local  origin  as  well  as 
from  a  calcareous  ash  bed  near  the  base  of  the  Hedgehog  forma- 
tion (see  Table  4) . 

Table  4.    New  Scotland  faunas  of  the  Hedgehog  formation  from  boulders 
of  volcanic  rock  and  an  ash  bed  west  of  Edmund's  Hill. 


Fauna  from  the  tuffaceous 
boulders  (locality  B-3) 


Fauna  from  calcareous  ash  bed 
(locality  C-l) 

Brachiopods 
Anastrophia  sp. 
Atrypina  imbricata 
Chonostrophia  sp. 
Coelospira  sp. 
Cyrtina  sp, 

dalmanellid  unidenl  ified 
HowclUilla  sp.  (coarse- 
ribbed) 


A.    Brachiopods  A. 
Anastrophia  sp. 
"Camarotoechia"  sp. 
Cyrtina  sp. 
Eatonia  sp. 
Hipparionyx  sp. 
Howellella  sp. 
Kozlowskiellina  sp. 
Lepf"<  //a  "rhoml)oi(IaIis" 
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Fauna  from  the  tuffaceous      Fauna  from  calcareous  ash  bed 
boulders  (locality  B-3)  (locality  C-l) 


Hoivellella  sp.  (fine- 
ribbed) 
Kozlowskiellina  sp. 
Leptaena  "  rhomb  oidalis" 
Leptaenisca  sp. 
Leptostrophia  cf.  becki 
Macropleura  cf. 

macropleura 
Meristella  sp. 
Nanothyris  sp. 
Nucleospira  sp. 
Platyorthis  sp. 
rhynchonellid  un- 
identified 
Stropheodonta  sp. 
Strophonella  sp. 

B.  Corals 

Alveolites  sp. 
Favosites  sp. 
Stereolasma  sp. 
Syringaxon  sp. 
horn  corals  indetermi- 
nate 

ramose  favositoid 

The  corals  from  the  ash  bed  were  identified  by  W.  A. 
Oliver,  Jr.,  of  the  U.  S.  Geological  Survey.  He  stated  that  none  of 
the  corals  listed  are  conspecific  with  corals  of  the  New  Scotland 
formation  of  New  York  (written  communication,  1960).  How- 
ever, the  brachiopod  fauna  is  clearly  of  New  Scotland  age; 
especially  critical  is  the  presence  of  Kozlowskiellina ,  Macropleura 
macropleura  and  Nanothyris. 

Upper  part  of  Dockendorff  group 

The  upper  part  of  the  Dockendorff  group  is  divided  from 
north  to  south  into  three  units :  the  Edmund's  Hill  andesite,  the 


Leptaenisca  sp. 
Leptostrophia  cf.  becki 
Macropleura  cf. 

macropleura 
Meristella  sp. 
Nanothyris  sp. 
Platyorthis  sp. 
Proschizophoria  elevata 
Schizophoria  sp. 
Schuchertella  sp. 
Strophonella  sp. 
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Chapman  sandstone,  and  the  Swanback  shale.  The  Edmund's 
Hill  andesite  interfmgers  laterally  with  the  Chapman  sandstone, 
which  in  turn  appears  to  grade  southward  into  the  Swanback 
shale.  Each  of  these  units  appears  to  lie  conformably  above  the 
Hedgehog  formation,  but  the  actual  contacts  are  not  exposed. 
The  entire  Dockendorff  group  is  believed  to  be  of  New  Scotland 
age. 

Edmund's  Hill  andesite 

.Williams  and  Gregory  (1900,  p.  111-114)  described  ande- 
sites  from  Edmund's  Hill,  Hobart  Hill,  east  of  Mapleton,  and 
Castle  Hill.  These  were  distinguished  geographically  and  each 
was  described  as  a  separate  unit.  The  andesite  on  Edmund's  Hill 
is  better  exposed  than  the  others.  The  andesites  on  Edmund's 
Hill,  Hobart  Hill  and  east  of  Mapleton  are  believed  to  be  part  of 
one  unit,  herein  named  the  Edmund's  Hill  andesite,  but  the  ande- 
site on  Castle  Hill  is  included  with  Unit  Ovs.  The  Edmund's  Hill 
andesite  is  subdivided  into  an  upper  and  lower  member. 

Lithology  of  the  lower  member.  —  The  lower  member  is  a 
fine-grained  or  porphyritic  augite  andesite  and  andesite  breccia. 
It  chiefly  is  present  on  Edmund's  and  Hobart  Hills.  Andesitic 
breccia  is  exposed  in  a  quarry  on  the  north  side  of  the  Mapleton 
to  Presque  Isle  road,  three  miles  east  of  Mapleton,  and  also  cn 
the  north  slope  of  Hobart  Hill.  The  andesite  is  normally  brown, 
varying  from  dark  gray-brown  to  bronze.  Near  Edmund's  Hill 
the  rock  is  fine-grained  and  uniform,  but  elsewhere  it  is  common- 
ly porphyritic,  containing  about  one  percent  light-colored  feld- 
spar phenocrysts  averaging  about  2  mm  in  diameter.  The  larger 
ones  are  subhedral  and  reach  a  maximum  dimension  of  about  5 
mm,  whereas  the  smaller  phenocrysts  are  anhedral. 

On  Edmund's  Hill  the  andesite  is  generally  cut  by  joints, 
spaced  about  one-quarter  inch  to  over  one  foot  apart.  They 
trend  in  a  north-south  direction  here,  as  do  the  trend  of  the  rock 
units  and  fold  axes. 

In  thin  section  the  andesite  is  pilotaxitic,  with  anhedral 
plates  of  augite  and  chlorite  about  0.1  mm  in  diameter  and  sub- 
hedral labradorite  phenocrysts  up  to  4  mm  in  diameter  imbedded 
in  a  groundmass  of  randomly  oriented  plagioclase  laths  that 
range  in  size  from  0.5  to  0.05  mm  in  diameter.  Anhedral  grains 
of  iron  ore  averaging  about  0.1  mm  in  diameter  are  scattered 
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uniformly  throughout  the  groundmass.  They  occur  as  inclusions 
in  some  of  the  feldspar  phenocrysts  and  also  surround  plates  of 
augite.    Limonite  occurs  between  grains  and  in  small  cracks. 

The  estimated  average  composition  is:  1  percent  zoned 
labradorite  phenocrysts,  75  percent  andesine  microlites,  10  per- 
cent magnetite,  4  percent  limonite,  4  percent  augite,  2  percent 
chlorite,  and  4  percent  altered  cryptocrystalline  material.  Many 
calcite  veinlets  cut  the  andesite ;  most  of  these  are  only  1  to  2  mm 
across,  but  the  largest  reach  about  1  cm. 

The  andesitic  breccia  consists  of  andesitic  boulders  and 
cobbles  in  an  andesitic  groundmass.  The  average  size  of  the 
andesitic  inclusions  is  about  1  foot.  Commonly  the  inclusions  are 
gray-red  and  the  groundmass  gray-green,  but  the  reverse  is  also 
common.  In  addition  to  the  red  and  green  colors,  dark  gray- 
brown  or  bronze  is  typical  of  the  porphyritic  andesite.  Red  jas- 
per irregularly  veins  the  andesitic  breccia. 

Lithology  of  the  upper  member.  —  Andesites  of  the  upper 
member  of  the  Edmund's  Hill  andesite  are  biotite-bearing  and 
are  darker  than  those  of  the  lower  member ;  they  range  from 
black  and  dark  gray  to  dark  gray-brown  or  gray-green.  Both 
porphyritic  and  nonporphyritic  varieties  are  present.  Large 
feldspar  phenocrysts  make  up  about  1  percent  of  the  rock.  The 
larger  phenocrysts  are  up  to  5  mm  in  diameter  and  are  subhedral ; 
smaller  phenocrysts  are  anhedral.  The  groundmass  is  normally 
opaque,  but  in  lighter  varieties  it  is  slightly  translucent  and  the 
small  grains  of  iron  oxide  distributed  within  it  show  up  distinct- 
ly in  hand  specimen.  The  upper  member  is  not  as  highly  jointed 
as  the  lower  member. 

In  thin  section  the  texture  of  these  andesites  is  hyalopilitic, 
with  subhedral  phenocrysts  of  oligoclase  and  andesine  (about  0.5 
to  5  mm  in  diameter)  and  small  plates  of  biotite  occurring  in  a 
groundmass  of  andesine  and  oligoclase  microlites,  and  an  altered 
cryptocrystalline  material.  Limonite  occurs  between  grains  and 
in  small  plates. 

The  estimated  average  composition  is :  25  percent  plagio- 
clase  phenocrysts  of  zoned  andesine  and  oligoclase,  10  percent 
andesine  and  oligoclase  microlites,  60  percent  altered  crypto- 
crystalline matter,  2  percent  biotite  in  subhedral  plates,  3  per- 
cent limonite. 
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Thickness.  —  The  maximum  thickness  of  the  lower  member 
is  about  2200  feet  as  estimated  from  a  structure  section.  The 
upper  member  is  eroded,  but  at  least  1800  feet  is  preserved. 

Age.  —  No  fossils  have  been  found  in  the  Edmund's  Hill 
andesite,  but  its  stratigraphic  relations  with  other  formations 
of  the  Dockendorff  group  indicate  that  it  is  of  New  Scotland  age. 

Chapman  sandstone 

The  name  Chapman,  after  the  township  where  it  is  best  ex- 
posed, was  first  applied  to  this  sandstone  by  Williams  (1899,  p. 
380  footnote).  The  formation  is  clearly  defined,  and  Williams' 
original  definition  has  been  followed  substantially  by  all  subse- 
quent geologists. 

The  fauna  of  the  Chapman  sandstone  has  long  attracted  the 
attention  of  paleontologists.  The  formation  was  mentioned  by 
Hitchcock  (1868,  p.  2)  who  considered  it  part  of  what  was  later 
termed,  the  Mapleton  sandstone.  With  the  assistance  of  Olaf 
Nylander,  large  collections  of  the  Chapman  faunas  were  made 
and  these  were  described  by  Williams  (1899,  p.  380;  1900,  p.  21, 
78-80),  Williams  and  Breger  (1916),  and  Clarke  (1909,  p.  91- 
128).  The  unit  appears  on  the  maps  of  Keith  (1933),  White 
(1943,  pi.  24)  and  Miller  (1947,  pi.  2). 

The  Chapman  sandstone  is  preserved  in  the  trough  of  the 
Chapman  syncline  (pi.  1).  The  type  section  described  by  Wil- 
liams and  Gregory  (1900,  p.  78)  is  at  Grindstone  on  the  east 
bank  of  Presque  Isle  Stream,  about  one  mile  north  of  the  Chap- 
man town  line  (pi.  1).  This  locality  represents  only  a  portion 
of  the  upper  part  of  the  unit.  The  lower  part  is  exposed,  in  part, 
about  0.4  mile  east  of  Hodgdon  School  on  the  road  to  Sprague- 
ville. 

Lithology.  —  The  Chapman  sandstone  consists  of  fine-  to 
medium-grained,  greenish-brown  argillaceous  sandstone  with 
minor  beds  and  lenses  of  brown  mudstone.  It  is  generally  well- 
sorted  and  commonly  is  slightly  calcareous.  Subangular  grains 
of  quartz  (averaging  about  0.1  mm  in  diameter)  and  chloritized 
volcanic  material  are  its  chief  constituents.  Small  amounts  of 
plagioclasc  and  muscovite  are  also  present.  The  weathered  sur- 
face is  slightly  lighter  than  the  fresh  rock  but  of  the  same 
greenish-brown  hue. 
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The  Chapman  sandstone  normally  forms  massive  beds,  rang- 
ing from  several  inches  to  about  four  feet  in  thickness.  Cross- 
bedding  is  present  in  some  parts  of  the  formation.  Mudstone 
interbeds  are  generally  micaceous  and  dark-green;  they  tend  to 
break  with  an  irregular  fracture.  At  a  few  places  mudstone  is 
highly  fossiliferous.  Fossils  are  also  found  in  the  more  massive 
sandstone,  but  are  less  common  there. 

The  composition  of  the  sandstone  beds  varies  with  their  posi- 
tion in  the  formation.  Chloritized  volcanic  detritus  is  most 
abundant  near  Edmund's  Hill.  Near  the  contact  with  the  Swan- 
back  formation  to  the  south  the  massive  sandstone  beds  are 
sparse,  and  quartzose  siltstones  and  mudstone  shales  are  more 
common.   Some  of  these  contain  plant  fragments. 

At  its  north  end  the  Chapman  sandstone  interfingers  with 
the  Edmund's  Hill  andesite.  Near  Edmund's  Hill  a  thin  wedge 
of  sandstone  extends  almost  one  mile  into  the  andesite  north  of 
the  hill  (pi.  1).  The  andesite  here  is  itself  a  southward  extend- 
ing wedge  of  the  main  mass  of  andesite. 

The  Chapman  sandstone  appears  to  grade  into  the  Swan- 
back  formation  (pi.  1).  A  transitional  sequence  of  rocks  is  ob- 
served in  the  vicinity  of  the  merging  of  these  two  formations. 

Thickness.  —  A  maximum  of  8000  feet  of  Chapman  sand- 
stone is  now  preserved  in  the  Chapman  syncline,  but  its  thick- 
ness before  erosion  must  have  been  greater. 

Age.  —  Extensive  collections  of  the  Chapman  faunas  have 
been  described  by  Williams  (1899,  1900),  Williams  and  Breger 
(1916),  Clarke  (1909,  p.  91-128),  and  Fletcher  (1960,  p.  9-10). 
These  collections  are  listed  below.  On  the  basis  of  these  fossil 
collections  the  assignment  of  a  New  Scotland  age  to  the  Chapman 
sandstone  is  well  established.  The  descriptions  and  illustrations 
of  all  of  the  brachiopods  cited  here  from  the  Chapman  sandstone 
have  been  reviewed  by  Boucot,  and  his  emendations  as  to  equiva- 
lent species,  uncertain  identifications,  etc.,  are  marked  by 
asterisks  (*). 

The  fauna  at  Edmund's  Hill  (Loc.  E-6,  pi.  1)  is  markedly 
different  from  that  at  Grindstone,  on  Presque  Isle  Stream,  only  a 
few  miles  removed,  but  both  are  of  New  Scotland  age.  Fossils 
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from  sandstone  outcrops  at  Edmund's  Hill  (Williams  and  Breger, 
1916)  : 

Brachiopods 

Orbiculoidea  (Roemerella)  discus  Hall 

Leptaena  rhomboidalis  Wilckens 

Schuchertella  deformis  Hall 

Hipparionyx  unguiformis  Conrad 

Spirifer  concinnus 

Chonetes  striatissimus  Williams 

Dalmanella  (Mystrophora)  elevata  Williams  = 

Proschizophoria  elevata* 
Stenoscisma  formosa  Hall  (young)  =  machaerarid* 
Rhynchonella  cf.  mainensis  Billings 
Beachia  chapmani  Williams  =  misidentified  large  dal- 

manellid* 
Megalanteris  sp.  ?  =  misidentified* 
Rensselaeria  mainensis  Williams  =  Mendathyris 

mainensis* 

Cyrtina  rostrata  Hall  (validity  of  location  uncertain) 

Spirifer  cyclopterus  Hall  =  Hoivellella* 

Spirifer  sparsus  Clarke  =  Hoivellella* 

Nucleospira  ventricosa  Hall 

Pentagonia  (?)  sp.  indet.  =  questionable* 

Molluscs 

Grammysia  acadica  Billings  var. 
Grammy sia  modiomorphae  (Clarke) 
Elymella  harrisi  Williams 
Glossites  amnigenoides  Williams 
Cleidophorus  curtus  Williams 
Paleoneilo  (Ditichia)  mainensis  Clarke 
Nuculoidea  cordata  Williams 

Actinopterella  aroostooki  planicosta  Williams  var. 
Actinopterella  concentrica  Williams 
Limoptera  pauciradiata  chapmani  Williams 
Preavicula  <>hJ<>ii<i<i  (Hall)  Williams 
Modiomorpha  cf.  M.  protea  Clarke 
Modiomorpha  (v\\  Endodesma)  chapmani  Williams 
Schizodu8?  prunum  Williams 
Schizodu8?  sp.  indet. 
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Cypricardella  transversa  Williams 
Platyceras  (Orthonychia)  aroostooki  Williams 
Platyceras  chapmani  Williams 
Platyceras  edmundi  Williams 
Strophostylus  sp.  cf.  S.  globosus  Hall 
Bellerophon  (Plectonotus)  trilobatus  Sowerby 
Tropidodiscus  obex  Clarke 
Pseudotectus  ( ?)  sp.  indet. 

Holopea  (Auriptygma)  beushauseni  Clarke  (validity  of 

locality  uncertain) 
Tentaculites  schlotheimi  Koken 
Orthoceras  sp.  ( ?  0.  norumbegae  Clarke) 

Arthropods 

Homalonotus  laticaudatus  Williams 
Dalmanites  ( ?  Synphoria)  Williams 
Zygobeyrichia  extrema  Ulrich 
Zygobeyrichia  apicalis  Ulrich 
Zygobeyrichia  devonica  Jones  and  Woodward 
Ctenobolbina  (  ?)  cornuta  Ulrich 

Other  forms 

Cornulites  serpularius  Schlotheim 

Trachy 'derma  (?  Gyrichnites)  speciosa  Williams 

Polypora  cf .  P.  psyche  Billings 

Fossils  from  sandstone  outcrops  at  Edmund's  Hill  (Clarke  1909, 
p.  91-128)  (Location  E-6,  pi.  1). 

Brachiopods 

Camarotoechia  dryope  Billings 
Camarotoechia  sp. 

Rensselaeria  atlantica  Clarke  =  Mendathyris* 
Rensselaeria  sp.  =  (genus  ?)** 
Spirifer  cymindis  Clarke  =  Howellella* 
Spirifer  cymindis  var.  sparsa  Clarke  =  Howellella* 
Spirifer  aroostookensis  Clarke  =  (genus  ?)* 
Spirifer  macropleuroides  Clarke  =  Macropleura* 
Cyrtina  cf.  C.  heteroclita  Defrance  and  varia  Clarke 
Meristella  sp. 

Nucleospira  cf.  elegans  Hall 
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Chonetes  aroostookensis  Clarke 

Chonetes  paucistria  Clarke 

Anoplia  nucleata  Hall 

Stropheodonta  cf.  S.  magniventer  Hall 

Leptaena  rhomb oidalis  Wilckens 

Leptostrophia  magnified  Hall  protype  parva  Clarke 

Orthotetes  (Schuchertella)  cf.  deformis  Hall 

Hipparionyx  minor  Clarke 

Dalmanella  drevermanni  Clarke 

Orthis  sp.  =  (cf .  Proschizophoria  elevata)  * 

Molluscs 

Orthoceras  norumbegae  Clarke 
Tentaculites  scalaris  Schlotheim 
Tropidodiscus  obex  Clarke 

Holopea  beushauseni  Clarke  (stouter  with  more  convex 

whorls  than  normal) 
Platyceras  hebe  Clarke 
Platyceras  leboutillieri  Clarke 
Platyceras  kahlebergensis  Beushausen 
Loxonema  sp.  cf.  L.  funatum  A.  Roemer 
Pterinea  chapmani  Clarke 
Pterinea  edmundi  Clarke 
Pterinea  brisa  Clarke 
Pterinea  sp. 

Pterinopecten  aroostooki  Clarke 
Modiomorpha  vulcanalis  Clarke 
Modiomorpha  protea  Clarke 
Modiomorpha  sp. 
Grammysia  modiomorphae  Clarke 
Grammysia  sp. 

Nuculites  cf.  oblongatus  Conrad  and  ellipticus  Maurer 
Conocardium  cf.  C.  inceptum  Hall 

Arthropods 

Homalonotus  vanuxemi  Hall 
I*  ha  cops  cf.  P.  lagan  i  Hall 

Phacops  (Phacopidella)  nylanderi  Clarke 
Dalmanite8  cf.  D.  micrurus  (Green) 
Beyrichia  aculina  Hall 
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Other  forms 

Polypora  cf.  P.  celsipora  Hall 
Hindia  sp. 

Fossils  from  sandstone  outcrops  at  Edmund's  Hill,  collected  by 
present  authors  and  identified  by  Boucot  (Location  E-6,  pi.  1). 

Brachiopods 

Mendathyris  mainensis 
Hotvellella  sparsa 

Gastropods 

Plectonotus  trilobatus 
Tropido discus  sp. 

In  addition  to  those  from  the  outcrops  of  Chapman  sand- 
stone on  the  slopes  of  Edmund's  Hill,  fossil  collections  have  also 
been  made  from  the  boulders  which  have  accumulated  at  the  base 
of  the  hill.  Besides  boulders  of  the  sandstone,  this  talus  also  in- 
cludes blocks  of  fossiliferous  tuff  that  apparently  are  derived 
from  nearby  outcrops  of  the  tuff  member  of  the  Hedgehog  for- 
mation. Williams  and  Breger  (1916)  list  a  collection  taken  from 
this  sandstone  talus,  but  Boucot  found  it  to  include  material  from 
the  underlying  tuff,  and  the  list  is  not  repeated  here.  The  writ- 
ers have  not  checked  to  see  whether  Clarke's  collection  listed 
above  is  similarly  mixed. 

The  following  collection  was  taken  from  a  boulder  of  tuff- 
aceous  sandstone  at  the  base  of  Edmund's  Hill  (Fletcher,  1960, 
p.  10)   (Loc.  B-3). 

Howellella  sp.  (coarse-ribbed) 
Hotvellella  sp.  (fine-ribbed) 

Leptostrophia  cf.  becki 

In  addition  to  those  from  Edmund's  Hill,  collections  have 
also  been  made  at  Grindstone,  on  Presque  Isle  Stream,  about  a 
mile  north  of  the  Chapman  town  line. 

Fossils  from  sandstone  outcrops  at  Grindstone  (Williams  and 
Breger,  1916)  (Location  C-7,  pi.  1)  : 

Brachiopods 

Lingula  minuscula  Williams 
Orbiculoidea  (Roemerella)  discus  Hall 
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Chonetes  striatissimus  Williams  =  Chonetes  sp.* 
Rensselaeria  mainensis  Williams  =  Mendathyris 
mainensis* 

Spirifer  concinnus  Hall  =  Howellella  cf .  gaspensis* 
Spirifer  sparsus  Clarke  =  Hotvellella  cyclopterus* 
Nucleospira  ventricosa  Hall 

Molluscs 

Orthodesma  carinifera  Williams 
Grammysia  elymelloides  Williams 
Myoplusia  chapmani  Williams 
Tellinites  chapmani  Williams 

Tellinites  (Koenenia)  gibbosa  Goldfuss  var.  kayseri 

Beushausen 
Tellinites  gibbosa  var.  crassa  Beushausen 
Paleoneilo  (Ditichia)  mainensis  umbonata  Williams 
Leda  harrisi  Williams 
Leda  minuta  Williams 

Actinopterella  aroostooki  erecta  Williams  var. 
Actinopterella  radialis  (Clarke) 
Actionopterella  sp. 
Pteronitella  quadrata  Williams 
Preavicula  breva  Williams 
Preavicula  oblong  a  (Hall)  Williams 
Leiopteria  riesiana  Williams 
Myalina  maureriana  Williams 
Myalina  maureriana  var.  lata  Williams 
Myalina  maureriana  pterinaeoides  (Clarke) 
Concardium  ?  dubia  Williams 
Modiomorpha  aroostooki  Williams 
Modiomorpha  cf.  M.  protea  Clarke 
Goniophora  W.  Williams 
Sphenotomorpha  rigidula  Williams 
Cimitaria  chapmani  Williams 
Anodontop8i8  maccoyicma  Williams 
Cyprica/rdella  bellatula  Williams 
Paracyclas  bulloidrs  Williams 
PalcosoU'u  chapmani  Williams 
/Icllaoplion  ( Plfct  onol /is)  triloba  tux  Sowcrby 
Tropidodiscus  obex  Clarke 

Tropidodl8eu8  minimus  americanns  Williams 


Mesocoelia  tenuella  Williams 
Mesocoelia?  sp.  (near  M.  compacta  Hall) 
Coelidium  cf.  C.  planogyratum  Hall 
Goniostropha  chapmani  Williams 
Pseudotectus  hitchcocki  Clarke 
Pseudotectus?  deciduus  Williams 
Holopea  (Auriptygma)  beushauseni  Clarke 
Tentaculites  schlotheimi  Koken 

Arthropods 

Homalonotus  laticaudatus  Williams 
Homalonotus  vanuxemi  Hall 
Zygobeyrichia  extrema  Ulrich 
Zygobeyrichia  apicalis  Ulrich 
Zygobeyrichia  devonica  Jones  and  Woodward 
Ctenobolbina  ( ?)  cornuta  Ulrich 

Other  forms 

Tentaculites  schlotheimi  Koken 

Fossils  from  outcrops  of  Chapman  sandstone  at  Grindstone 
(Clarke,  1909,  p.  91-128).    (Loc.  C-7,  pi.  1)  : 

Brachiopods 

Rensselaeria  atlantica  Clarke  =  Mendathyris 
mainensis* 

Spirifer  subcuspidatus  Schnur  var.  lateincisus 

Scupin  =  Hoivellella  cf.  H.  gaspensis* 
Nucleospira  cf.  N.  elegavs  (location?) 
Orbiculoidea  cf.  O.  ampla  Hall  and  siegenensis  Kayser 

Molluscs 

Conularia  cf.  C.  huntiana  Hall 
Plectonotus  cf.  P.  derbyi  Clarke 
Coelidium  tenue  Clarke 
Eotomaria  hitchcocki  Clarke 
Holopea  beushauseni  Clarke 
Pterinea  cf.  P.  fasciculata  Goldfuss 
Pterinea  radialis  Clarke 
Pterinea  brisa  Clarke 
Pterinea  sp. 
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Pteronitella  penin sulci e  Clarke 
Myalina  pterinaeoides  Clarke 
Modiomorpha  protect  Clarke 
Leptodomus  communis  Clarke 
Leptodomus  corrngatiis  Clarke 
Palaeoneilo  orbignyi  Clarke 
Palaeoneilo  mainensis  Clarke 
Palaeoneilo  circidus  Clarke 
Palaeoneilo  sp.  ? 

Nucula  cf.  N.  krachtae  A.  Roemer 
Palaeosolen  cf.  P.  simplex  Maurer 
CypHcardella  sp. 

Arthropods 

Beyrichia  kloedeni  McCoy  var. 

Other  forms 

Aster  olepis  clarkii  Eastman 
Spirorbis  sp. 

Near  Grindstone,  but  in  beds  removed  from  those  contain- 
ing these  marine  fossils,  Williams  and  Breger  (1916)  report 
Psilophyton  princeps?  and  other  fossil  woody  stems.  Plant 
fragments  were  also  found  by  Fletcher  (1960,  p.  8-9). 

Fossils  collected  from  lenses  of  mudstone  at  Grindstone 
(Fletcher,  1960,  p.  10)  (Loc.  1,  pi.  1)  : 

Brachiopods 

Men  da  tJi  yris  nta  incus  is 
Howellella  sp. 

Numerous  molluscs 

Chapman  (?)  sandstone  and  siltstone 

Gray  to  greenish-gray  siltstones  and  fine-grained  quartzitic 
sandstones  occur  at  various  places  between  Hedgehog  Mountain 
and  Squapan  Lake  (pi.  1),  in  association  with  volcanic  rocks  of 
the  Hedgehog  formation.  In  general,  these  sandstones  and  silt- 
stones  are  lithologically  similar  to  the  Chapman  sandstone,  but 
because  of  uncertainty  as  to  the  structural  and  strat igraphic  re- 
lationships of  these  rocks  and  because  no  fossils  have  been  col- 
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lected  from  them,  they  are  mapped  as  Chapman  (?)  sandstone 
and  siltstone. 

The  rocks  here  are  for  the  most  part  gray  or  greenish,  line- 
to  medium-grained,  well  sorted  sandstone,  ranging  in  compo- 
sition from  quartzite  to  subgraywacke,  with  variable  amounts  of 
muscovite  and  chlorite  in  the  matrix.  Accessory  minerals  ob- 
served in  these  rocks  include  magnetite,  garnet,  and  apatite.  Zir- 
con is  common,  and  one  sample  contained  a  dark  blue  amphibole, 
possibly  riebeckite.  Plant  fragments  have  been  observed  in  loose 
angular  blocks  of  sandstone,  but  not  in  outcrop. 

Beds  of  quartzose  siltstone  predominate  in  the  section  to  the 
south  of  Birch  Point  Hill.  These  rocks  are  similar  to  parts  of  the 
Swanback  formation  described  below. 

Swanback  formation 

The  rocks  herein  named  the  Swanback  formation  were  first 
described  by  Fletcher  (1960,  p.  11-12) .  They  appear  on  the  com- 
pilation map  of  the  geology  of  northern  Maine  (Boucot  et  al., 
1960)  under  the  map  designation  Ds.  The  name  is  taken  from 
Swanback  Clearing,  a  locality  in  the  southeast  part  of  the 
Presque  Isle  quadrangle.  The  Swanback  formation  occupies  the 
southern  part  of  the  Chapman  syncline,  cropping  out  in  roughly 
two-thirds  of  the  basin  bordered  by  the  Hedgehog  formation.  It 
is  poorly  exposed  here,  and  a  section  representative  of  the  forma- 
tion is  compiled  from  discontinuous  exposures  of  various  rock 
types  that  are  part  of  it.  Because  the  Swanback  formation  is 
considered  to  be  a  facies  of  the  lower  part  of  the  Chapman  sand- 
stone, this  section  includes  the  gradation  of  all  rocks  between  the 
two  formations. 

Lithology.  —  The  Swanback  formation  consists  of  approxi- 
mately 75  percent  argillite  with  minor  amounts  of  interbedded 
fine-grained  quartzite,  and  about  25  percent  shale.  Some  of  the 
basal  beds  contain  fragmental  volcanic  rocks. 

The  argillite  is  a  dark  green,  manganese-stained  rock  that 
generally  breaks  with  an  irregular  hackly  fracture.  At  a  few 
places  the  rock  is  slightly  limy  and  weathers  brown.  At  the 
southern  end  of  the  Presque  Isle  quadrangle  the  rock  has  an 
incipient  slaty  cleavage.    The  argillite  ranges  in  composition 
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from  siltstone  to  mudstone.  Layering  is  sparse,  but  where  pres- 
ent it  is  generally  composed  of  laminae  of  mud  and  silt  in  about 
equal  proportions.  The  siltstone  parts  along  bedding  planes. 
Cut  and  fill  structure,  lensing,  and  penecontemporaneous  de- 
formation structures  such  as  small  block  faults  and  folds  are 
common. 

The  argillite  consists  of  subangular  to  subrounded  quartz 
grains  in  a  matrix  of  finely  divided  chlorite  and  mica  flakes, 
oriented  subparallel  to  the  bedding.  The  matrix  makes  up  30  to 
40  percent  of  the  rock. 

Along  the  east  base  of  Hedgehog  Mountain,  where  the  Swan- 
back  formation  contains  some  volcanic  detritus,  the  rock  is 
greenish  gray  and  somewhat  limy.  South  of  Bald  Knob,  it  con- 
tains several  thin  ash  beds  and  an  8-inch  layer  of  green  tuff. 
Angular  trachyte  fragments  are  present  in  a  basal  shale  out- 
crop at  the  northern  end  of  Hedgehog  Mountain. 

Thickness.  —  The  maximum  thickness  of  rocks  of  the  Swan- 
back  formation  exposed  in  the  Chapman  syncline  is  about  10,000 
feet  as  measured  from  the  structure  section. 

Age.  —  The  Swanback  formation  is  relatively  unf ossifer- 
ous. Rare  trails  and  burrows  are  found  throughout  the  unit, 
and  in  the  rocks  to  the  south  of  Bald  Knob  a  few  small  brachio- 
pods  and  an  orthoceroid  cephalopod  were  found  (Loc.  D-10,  pi. 
1).    This  fauna  indicates  a  New  Scotland  age  and  consists  of: 

Coelospira  cf.  Virginia 
Plectodonta  sp. 
orthoceroid  cephalopod 

Facies  relations  in  the  Upper  Part  of  the  Dockendorff  Group 

The  Edmund's  Hill  andesite  interfingers  with  the  Chapman 
sandstone,  and  the  Swanback  shale  appears  to  grade  into  the 
lower  part  of  the  Chapman  sandstone.  Each  of  these  units  ap- 
pears conformably  to  overlie  the  Hedgehog  formation,  although 
the  actual  contacts  are  not  seen  in  the  field. 

The  evidence  for  the  interfingering  of  the  Edmund's  Hill 
andesite  with  the  Chapman  sandstone  is  besl  seen  in  the  vicinity 
of  Edmund's  Hill.  West  of  the  hill  a  wedge  of  the  sandstone,  rio1 
more  than  a  few  hundred  fed  thick,  extends  northward  for 
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about  a  mile  into  the  volcanic  units,  the  sandstone  lying  between 
the  Hedgehog  formation  and  the  Edmund's  Hill  andesite.  East 
of  Edmund's  Hill,  Chapman  sandstone  overlies  the  andesite  of 
Edmund's  Hill  proper.  Edmund's  Hill  is  a  ridge  composed  of  a 
wedge  of  andesite  which  extends  about  half  a  mile  into  the  sand- 
stone. On  Presque  Isle  Stream  a  bed  of  volcanic  conglomerate 
marks  the  transition  of  the  andesite  into  the  sandstone.  Else- 
where between  Hobart  Hill  and  Edmund's  Hill  only  a  few  out- 
crops are  exposed,  and  these  give  little  indication  of  the  nature 
of  the  contact. 

The  Swanback  shale  and  the  lower  part  of  the  Chapman 
sandstone  appear  to  grade  into  each  other.  Outcrops  are  widely 
scattered  in  the  part  of  the  quadrangle  where  the  gradation 
takes  place  and  the  position  of  the  contact  is  only  approximately 
located  (pi.  1).  Several  outcrops  appear  to  be  intermediate  in 
lithology  between  the  two  units. 

Mapleton  sandstone 

The  name  Mapleton  was  first  applied  to  this  sandstone  and 
conglomerate  unit  by  Williams  (1899,  p.  360,  footnote),  and  the 
formation  was  further  described  by  Gregory  (Williams  and 
Gregory,  1900,  p.  136-137).  The  name  is  taken  from  Mapleton 
township,  where  the  formation  is  exposed.  Here  the  Mapleton 
sandstone  crops  out  in  an  elliptical  structural  basin  about  three 
and  one-half  miles  long  and  two  and  one-half  miles  wide,  ap- 
proximately three  miles  northwest  of  Presque  Isle  (pi.  1).  One 
mile  north  of  the  Mapleton  to  Presque  Isle  road  (Route  163)  is 
a  parallel  secondary  road  that  cuts  across  good  exposures  of  the 
formation.  This  appears  to  be  the  "Winslow's  Hill  section"  de- 
scribed by  Gregory  (Williams  and  Gregory,  1900,  p.  136-137), 
and  is  here  designated  the  type  section  for  the  formation. 

Lithology.  —  From  the  basal  eastern  contact  of  the  Maple- 
ton sandstone  to  the  center  of  the  basin  the  sequence  of  rocks  in 
a  section  about  2200  feet  thick  is  :  coarse  conglomerate  with  well 
rounded  cobbles  up  to  three  inches  in  diameter ;  interbedded  con- 
glomerate and  coarse  sandstone;  and  sandstone  and  siltstone 
with  thin  beds  of  fine  conglomerate.  In  the  upper  parts  of  the 
formation,  the  particles  in  the  conglomerate  become  smaller  and 
the  ratio  of  sand  to  conglomerate  increases.    The  conglomerate 
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contains  pebbles  of  milky  quartz,  red-  and  green-weathered  fel- 
site,  light-colored  felsite,  light-weathering  fine-grained  sand- 
stone, calcareous  red  siltstone,  and  gray  shale.  The  writers  have 
not  seen  any  pebbles  that  appear  to  be  derived  from  Munson's 
granite.  The  fragments  range  in  size  from  sand  to  about  three 
inches  in  greatest  dimension,  and  range  from  subangular  to  well 
rounded.  Shale  and  quartz  fragments  generally  are  the  most 
angular.  Sorting  normally  is  very  poor.  The  conglomerate 
ranges  from  dark  red  through  reddish-brown  to  gray.  It  is 
commonly  calcareous;  the  calcite  occurs  in  limestone  pebbles,  as 
intergranular  cement,  and  in  veins  about  one-quarter  of  an 
inch  thick. 

The  sandstone  is  similar  in  composition  to  the  conglomerate, 
and  consists  chiefly  of  quartz  grains  and  small  amounts  of  clay 
matrix.  Minor  amounts  of  finely  divided  mica  are  also  present 
and  calcite  occurs  in  limestone  grains,  small  veins,  and  as  cement. 
Small  subangular  fragments  of  dark  shale  are  visible  in  some 
beds,  and  plant  remains  are  common.  Interbedded  with  the 
sandstone,  which  is  brick-red  to  dark  gray,  are  minor  amounts 
of  red,  gray,  and  green  siltstone  and  lenses  of  fine  conglomerate. 

The  Mapleton  sandstone  rests  with  angular  unconformity 
upon  Silurian  and  Lower  Devonian  rocks  (pi.  1),  although  the 
contact  is  not  exposed. 

Thickness.  —  Structure  sections  indicate  a  maximum  thick- 
ness of  about  2200  feet  for  the  Mapleton  sandstone.  The  top  of 
the  unit  is  eroded,  and  there  is  no  indication  of  the  thickness  of 
strata  which  may  have  been  removed. 

Age.  —  From  collections  of  plant  fragments  in  the  Mapleton 
sandstone,  Williams  and  Gregory  (1900,  p.  88)  identified 
PsUophyton  princeps  and  assigned  a  Devonian  age  to  the  unit. 
New  collections  of  plant  fossils  from  the  Mapleton  have  yielded 
spiny  psilophytes  and  spores  that  suggest  a  late  Middle  De- 
vonian age  (Schopf,  written  communication,  1961  ;  see  Appendix 
I,  p.  100). 

P.  E.  Cloud,  Jr.  (1941 )  found  in  one  outcrop  of  the  Maple- 
ton conglomerate  a  sandstone  pebble  containing  a  specimen  of 
what  he  believed  to  be  Mrtnlathi/ris  niaincusis,  which  is  known 
only  from  the  Chapman  sandstone  and  strata  of  equivalent  age 
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in  New  Brunswick  and  proves  that  the  Mapleton  sandstone  is 
younger  than  the  Chapman  sandstone.  Boucot  has  seen  a  cobble 
of  sandstone  from  the  Mapleton  containing  Howellella  cf.  H. 
cyclopterus  which  supports  this  conclusion. 
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INTRUSIVE  ROCKS 


Diabase 

Diabase  crops  out  on  the  northernmost  hill  between  Hedge- 
hog Mountain  and  Squapan  Lake,  on  both  sides  of  the  Presque 
Isle-Mapleton  road  1.2  miles  east  of  the  railroad  overpass  in 
Mapleton  (Miller,  1947,  p.  58),  and  in  a  pasture  on  the  west 
slope  of  Haines  Hill.  Similar  rocks  have  been  reported  from 
nearby  areas  outside  the  quadrangle:  (a)  12  miles  south  of 
Squapan  Lake;  (b)  7  miles  east  of  Presque  Isle;  (c)  on  the 
west  slope  of  Mars  Hill  southeast  of  Presque  Isle  (Williams  and 
Gregory,  1900,  p.  114-115),  and  (d)  at  Brushy  Hill  in  the  east 
central  part  of  the  Ashland  quadrangle,  which  adjoins  the 
Presque  Isle  quadrangle  to  the  west. 

The  diabase  is  commonly  aphanitic  near  its  contact  with 
sedimentary  rocks,  but  elsewhere  it  is  phaneritic.  It  consists 
chiefly  of  plagioclase,  diopsidic  pyroxene,  chlorite,  magnetite, 
and  apatite,  with  minor  amounts  of  quartz  and  orthoclase.  The 
diabase  east  of  Mapleton  and  on  Haines  Hill  is  olivine-bearing, 
and  some  of  the  olivine  has  been  replaced  by  plates  of  antigorite 
and  veinlets  of  chrysotile.  Some  of  the  diabase  is  porphyritic 
with  subhedral  phenocrysts  of  light-colored  feldspar  as  much  as 
1.5  cm  in  greatest  dimension,  and  some  has  small  (up  to  4mm 
diameter)  irregular  cavities  filled  with  calcite  crystals.  The 
diabase  is  dark-colored  and  ranges  from  dull  orange  to  dark- 
greenish  brown.  Some  of  the  outcrops  of  diabase  are  deeply 
weathered. 

The  diabase  near  Squapan  Lake  is  dull-orange  colored  and 
friable.  Near  the  contact  with  sedimentary  rocks  it  is  fine- 
grained, as  along  its  north  end,  but  elsewhere  it  is  coarse- 
grained. Plagioclase  laths  up  to  1.5  cm  in  length  are  common. 
Its  texture  is  similar  to  that  of  the  andesites  on  Hedgehog 
Mountain. 

A  modal  analysis  of  the  diabase  near  Squapan  Lake  consist  s 
of:  plagioclase  (An  )  53  percent,  orthoclase  10  percent,  di- 
opsidic pyroxene  18.5  percent,  chlorite  10.5  percent,  magnetite  7 
percent,  and  quartz  1  percent.  The  diabase  near  Squapan  Lake 
is  lens-shaped  and  has  a  maximum  thickness  of  about  800  feet. 
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Miller  (1947,  p.  58)  mapped  the  diabase  east  of  Mapleton  as 
three  parallel  intrusive  masses  and  reported  that  the  shales  near 
the  contacts  are  thermally  metamorphosed.  The  central  mass 
has  a  maximum  thickness  of  about  300  feet,  and  the  peripheral 
bodies  are  not  more  than  100  feet  thick. 

The  oldest  rock  intruded  by  diabase  in  the  Presque  Isle  quad- 
rangle is  the  unnamed  Silurian  limestone.  It  is  possible  that  the 
diabase  is  related  to  the  Hedgehog  volcanic  rocks,  but  there  is  no 
direct  evidence  closely  dating  the  diabase. 

Munson's  granite 

The  only  granite  in  this  area  is  referred  to  by  Williams  and 
Gregory  (1900,  p.  105-106,  146-148)  both  as  Munson's  granite 
and  as  Mapleton  granite.  The  name  Mapleton  is  used  for  a  sand- 
stone formation  and  should  not  be  also  applied  to  the  granite. 
The  granite  was  mapped  by  White  (1943,  pi.  24)  and  Miller 
(1947,  pi.  2)  as  part  of  a  single  undifferentiated  intrusive  com- 
plex. The  name  is  taken  from  Munson's  Farm  in  Mapleton  town- 
ship. 

Scattered  small  outcrops  of  granite  occur  on  the  northeast 
slope  of  Haines  Hill.  Williams  and  Gregory  (1900,  p.  106)  note 
that  "in  the  bed  of  the  Aroostook  River,  at  the  base  of  the  granite 
hill  are  dikes  of  aplite,  syenite,  and  kersantite,  which  vary  in 
width  from  a  few  inches  to  500  feet."  This  locality  was  not 
visited  during  the  present  survey.  Granite  float  occurs  300  feet 
south  of  the  summit  of  Haines  Hill. 

The  average  composition  of  the  body  is  granitic,  but  the 
rocks  included  in  the  unit  range  from  syenite  and  granodiorite 
through  aplite.  According  to  Williams  and  Gregory  (1900, 
p.  147)  the  principal  minerals  are:  orthoclase,  microcline,  oligo- 
clase,  quartz,  hornblende,  biotite,  titanite,  apatite,  and  iron  ore. 
No  percentages  are  given  because  of  the  wide  lithologic  variation 
within  the  unit. 

Typically  the  chief  constituent  is  light  colored  feldspar  in 
subhedral  habit  (as  much  as  3  mm  in  diameter)  and  commonly 
with  a  faint  pink  tint.  Hornblende  is  the  most  common  mafic 
mineral,  although  some  of  the  rock  contains  abundant  biotite  in 
flakes  as  much  as  4  mm  long.  Quartz  is  a  minor  constituent  and 
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is  not  always  visible  in  hand  specimen.  Some  of  the  granite  is 
darker  owing  to  a  relatively  high  concentration  of  mafic  min- 
erals. Calcic  plagioclase  is  normally  present  in  such  .  darker 
granite.  The  aplitic  varieties  show  free  quartz  and  large  an- 
hedral  flesh-colored  feldspar. 

The  granite  has  locally  baked  some  of  the  sedimentary  rocks 
into  which  it  was  emplaced. 

The  age  of  the  granite  is  not  clearly  defined,  but  it  is  obvi- 
ously younger  than  the  Lower  Ludlovian  Perham  formation  into 
which  it  was  intruded.  The  fresh  and  uncleaved  condition  of  the 
granite  suggests  that  it  was  emplaced  subsequent  to  the  Acadian 
orogeny,  which  in  this  area  affects  beds  of  New  Scotland  (Lower 
Devonian)  age.  For  similar  reasons  Boucot  (1954,  p.  148)  has 
suggested  a  Middle  Devonian  age  for  the  Katahdin  granite  to 
the  south. 

Teschenite 

Teschenites  are  mapped  and  described  by  Williams  and 
Gregory  (1900,  p.  116,  179-186).  They  are  restricted  to  a  small 
area  about  two  miles  southeast  of  Mapleton,  where  they  intrude 
the  limestones  and  shales  of  the  unnamed  Silurian  limestone  as 
well  as  the  Perham  formation. 

The  rocks  are  normally  phaneritic  except  near  the  contact 
with  sedimentary  rocks,  where  they  are  aphanitic.  The  coarse- 
grained teschenites  consist  of  about  equal  proportions  of  light 
and  dark  minerals.  Megascopically  the  rocks  contain  about  25 
percent  pink  feldspar,  and  in  some  of  them  calcite  is  visible. 
Williams  and  Gregory  (1900,  p.  180-181)  have  described  the 
features  of  the  rocks  in  thin  section.  The  samples  they  examined 
were  highly  weathered,  but  in  general  the  teschenite  is  reported 
to  contain  black  iron  ore  (chiefly  magnetite),  small  amounts  of 
pyrite,  apatite,  biotite,  laths  of  andesine  feldspar,  violet-brown 
augite,  and  analcite. 

The  teschenites  are  younger  than  the  Lower  Ludlovian  rocks 
they  intrude.  The  relatively  fresh  condition  of  the  analcite  in 
the  rocks  further  suggests  that  they  may  have  been  emplaced 
subsequent  to  the  Acadian  orogeny. 

Other  occurrences  of  teschenite  in  noil  hern  Maine  are  in 
Franklin  County  on  the  north  side  of  the  Chain  Lakes  on  Slate 
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Route  4  about  one  half  mile  southeast  of  Upper  Farm  (Chain 
Lake  Quadrangle) ,  and  in  Somerset  County  on  the  southeast  side 
of  the  northeast  end  of  Granny's  Cap  (Pierce  Pond  Quadrangle) 
and  on  Spencer  Stream  (Boucot,  Griffin,  Denton,  and  Perry  „ 
1959,  p.  12-13). 
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STRUCTURE  OF  THE  PRESQUE  ISLE  QUADRANGLE 


The  layered  rocks  of  the  Presque  Isle  area  are  folded  along 
generally  north  trending  axes.  Cleavage  is  not  well-developed  in 
the  region,  but  where  present  the  strike  is  normally  parallel  to 
the  regional  trend  of  the  folds.  Rocks  of  New  Scotland  age  and 
older  are  folded,  and  bedding  in  these  rocks  generally  dips  steep- 
ly, ranging  from  about  50  degrees  to  vertical.  It  is  believed  that 
this  folding  is  chiefly  the  result  of  the  main  phase  of  the  Acadian 
orogeny.  The  Mapleton  sandstone  is  believed  to  have  formed 
after  the  principal  folding  of  the  Acadian  orogeny.  It  occupies 
a  broad  structural  basin  in  which  bedding  does  not  dip  more  than 
45  degrees,  and  appears  to  rest  with  unconformity  on  the  older 
Devonian  and  Silurian  rocks.  The  long  axis  of  this  basin  is  par- 
allel to  the  Acadian  fold  axes.  The  Mapleton  sandstone  was 
folded  at  some  time  during  the  Middle  Devonian  to  Mississippian 
interval. 

The  regional  structure  is  dominated  by  the  Chapman  syn- 
cline.  The  axis  of  this  fold  is  sigmoidal ;  from  south  to  north  it 
changes  from  a  northeast  trend  to  a  north  trend  and  eventually 
to  northeast  again.  The  Chapman  syncline  chiefly  contains  rocks 
of  the  DockendorfT  group  of  Lower  Devonian  age,  although  along 
its  north  and  east  flank  it  includes  the  Silurian  rocks  and  rocks 
of  the  Meduxnekeag  formation  of  Ordovician  age.  In  the  north- 
west part  of  the  quadrangle,  where  the  competent  rocks  of  the 
Dockendorff  group  are  absent,  the  less  competent  Ordovician  and 
Silurian  rocks  are  more  closely  folded  into  two  anticlines  and  a 
syncline.  The  westernmost  fold  is  a  doubly  plunging  anticline 
named  the  Castle  Hill  anticline;  the  other  folds  in  the  area 
plunge  to  the  south. 

Offsets  of  contacts  in  the  Castle  Hill  area  suggest  the  pres- 
ence of  a  nearly  vertical  fault  that  trends  N.  40  W.  although 
the  fault  is  not  exposed.  The  southwest  block  appears  to  have 
moved  downward  about  1200  feet  and  northwest  about  200  feet 
with  respect  to  the  opposite  block.  The  fault  passes  through  a 
deeply  eroded  gulley  Oil  the  west  slope  of  Castle  Hill,  and  is 
parallel  to  the  course  of  the  Aroostook  River  where  Hie  river 
flows  northwesterly  in  the  northwest  corner  of  the  Presque  [sle 

quadrangle.    Near  Dudley  Road  bedding  is  more  highly  con- 
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torted,  and  several  anomalous  bedding  attitudes  are  present  in 
the  vicinity  of  the  fault. 

Several  other  faults  are  postulated,  chiefly  from  strati- 
graphic  evidence.  A  small  horst  is  mapped  between  Chandler 
Mountain  and  Garland  Hill  to  explain  the  presence  there  of  the 
Perham  formation. 

The  fault  southeast  of  Green  Mountain  is  inferred  to  explain 
the  presence  of  outcrops  of  the  ribbon  rock  member  of  the  Me- 
duxnekeag  formation  about  200  yards  beyond  the  eastern  bound- 
ary of  the  Presque  Isle  quadrangle. 

Small  faults  appear  to  be  very  common  in  the  region.  Many 
of  these  are  shown  by  Miller  (1947)  in  his  detailed  maps  of  the 
individual  manganese  deposits,  and  many  minor  faults  are  pres- 
ent in  the  road-metal  quarry  on  the  north  side  of  the  Mapleton- 
Presque  Isle  road,  about  three  miles  east  of  Mapleton. 
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GEOLOGIC  HISTORY  OF  THE 
PRESQUE  ISLE  QUADRANGLE 


The  oldest  rocks  exposed  in  the  Presque  Isle  quadrangle  are 
of  Ordovician  age.  These  rocks  may  be  divided  into  a  western 
fades  (in  the  Castle  Hill  area  in  the  northwest  part  of  the 
Presque  Isle  quadrangle)  and  an  eastern  facies  (east  of  the 
Castle  Hill  area) . 

The  first  event  recorded  in  the  Castle  Hill  area  is  the  depo- 
sition of  a  sequence  of  volcanic  and  sedimentary  rocks,  including 
chert  (Unit  Ovs),  the  uppermost  part  of  which  is  of  Trenton 
age  (Middle  Ordovician,  Orthograptus  truncatus  var.  inter- 
medins zone) .  The  presence  of  pillow  structures  in  some  of  the 
lavas  (Williams  and  Gregory,  1900,  p.  114)  suggests  that  such 
volcanic  rocks  were  extruded  in  an  underwater  environment. 
The  bed  to  which  the  Trenton  age  is  assigned  is  black,  fissile, 
graptolite-bearing  shale  (Unit  Ovs  in  part),  but  the  overlying 
unit  is  olive-colored  argillite  (Pyle  Mountain  argillite)  with  a 
shelly-facies  assemblage  of  trilobites  and  brachiopods  of  Ash- 
gillian  age  (Upper  Ordovician,  approximately  Late  Richmond- 
ian) .  The  hiatus  between  these  two  units  may  have  been  the  re- 
sult of  a  minor  disturbance  and  period  of  uplift,  Volcanic  and 
sedimentary  rocks  similar  to  Unit  Ovs  are  common  in  the  Ordo- 
vician of  northern  Maine  west  of  the  Presque  Isle  quadrangle. 

East  of  the  Castle  Hill  area  the  thick  ribbon  rock  member 
of  the  Meduxnekeag  formation  is  of  Middle  Ordovician  age 
(Trenton,  Orthograptus  truncatus  var.  intermedins  zone).  Rock 
of  similar  lithology  is  widely  exposed  in  southern  Quebec,  and 
has  been  assigned  an  Ashgillian  age  (Upper  Ordovician)  in  the 
southern  part  of  Gaspe  (Whitehead  formation,  see  table  6,  p. 
88). 

The  Presque  Isle  quadrangle  thus  contains  the  boundary  be- 
tween two  widespread  facies  (at  least  in  part  contemporaneous) 
of  Ordovician  rocks  in  the  northern  Appalachians,  but  their  con- 
tact relations  are  not  exposed.  The  Ordovician  rocks  of  the 
Castle  Hill  area  arc  overlain  by  Silurian  sandstone  (Frenchville 
formation  of  C4-CB  age),  which  contains  clasts  of  volcanic  rock 
and  chert.  It  is  possible  that  a  period  of  uplift  related  to  a  phase 
of  Taconic  orogeny  separated  the  deposition  of  t  lie  Frenchville 
I'rom  thai  of  the  underlying  Ordovician  rocks,  bul  there  seems 
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to  be  no  evidence  for  an  angular  unconformity  at  this  strati- 
graphic  position  in  the  Presque  Isle  quadrangle.  There  does  not 
appear  to  be  any  discordance  between  the  Ordovician  Meduxne- 
keag  formation,  the  overlying  unnamed  Silurian  limestone,  or 
the  still  younger  Perham  formation. 

Thin  bedded  limestone  (unnamed  Silurian  limestone)  in  the 
eastern  part  of  the  quadrangle  was  deposited  during  the  C3-C5 
part  of  the  Late  Llandovery.  This  limestone  is  interpreted  as 
the  eastern,  fine-grained,  calcareous  facies  of  the  Frenchville 
formation. 

Regional  Relationships.  —  The  collections  made  by  Forbes 
and  Smith  and  Naylor  at  localities  E-ll  and  E-12  respectively 
now  make  clear  the  zonal  position  of  the  basal  Silurian  in  a  rela- 
tively narrow  belt  extending  from  about  IV2  miles  northwest  of 
Jemtland  (Stockholm  quadrangle  in  the  north  (where  Forbes 
has  found  a  specimen  of  Paleocyclus  in  sandstone  belonging  to 
the  Frenchville)  south  through  the  western  half  of  the  Caribou 
quadrangle  to  the  northwestern  portion  of  the  Presque  Isle 
quadrangle,  and  then  west  into  the  northern  half  of  the  Ashland 
quadrangle. 

It  is  probably  no  coincidence  that  relatively  similar  basal 
Silurian  sandstone  and  conglomerate  in  Penobscot  County  to  the 
southwest  also  contains  a  fauna  similar  to  that  of  the  French- 
ville, as  well  as  to  the  calcareous  quartzites  of  the  Clough  forma- 
tion in  west-central  New  Hampshire  (Boucot  and  Thompson,  in 
press).  The  Penobscot  County  occurrences  are  in  the  Shin  Pond 
and  Island  Falls  quadrangles.  (The  Shin  Pond  and  Island  Falls 
quadrangles  lie  to  the  east  of  the  Traveler  Mountain  quad- 
rangle) . 

The  Shin  Pond  quadrangle  localities  were  first  discovered 
by  Dr.  Robert  Neuman  who  is  currently  engaged  in  mapping  the 
quadrangle.  The  Shin  Pond  quadrangle  collections  have  yielded 
the  following  fossils : 

Collection  SP-23,  Kimball  Brook,  elevation  about  655  feet, 
T5R8 

Stricklandia  lens  cf.  ultima  Pentamerus  sp. 

Plectodonta  sp.  C hilidiopsis  ?  sp. 

Protomegastrophia?  sp.  tetracorals 

Resserella?  sp.  favositid 
Plectatrypa?  sp. 
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Collection  BB-2E,  Bowlin  Brook  measured  section 
Stricklandia  lens  cf.  ultima 
Dalejina?  sp. 
Nucleospira?  sp, 

Mr.  Bart  Ekren  has  discovered,  in  strata  lithologically  sim- 
ilar to  those  of  the  adjoining  Shin  Pond  quadrangle,  a  locality 
(61-10-1-4)  which  has  yielded  a  rich  fauna  of  C4-Cr,  age  similar 
to  that  in  the  Shin  Pond  quadrangle  as  well  as  to  those  from  the 
Frenchville  formation.    It  contains  the  following  : 

Nucleospira  sp.  Trigordrhynchia?  sp. 

Lepiaena  "rhomboidalis"  rostrospiroid 

Plectodonta  sp.  Platystrophia?  sp. 

Resserella  sp.  Cyrtia  sp. 

Atrypa  "reticularis"  Striispirifer  sp. 

Stricklandia  lens  cf.  ultima    Eospirifer  sp. 

Clorinda  sp.  Howellella  sp. 

rhynchonellids  Plectatrypa  sp. 

Chilidiopsis?  sp.  "Leptostrophia,"  sp. 

Meristina  sp.  tetracorals 

Anastrophia?  sp.  Encrinurus  sp. 

The  known  distribution  of  the  coarsely  clastic  Frenchville 
formation  and  its  lithologically  similar  correlatives  in  Penobscot 
County  taken  together  with  the  presence  of  fine  grained,  calcare- 
ous equivalents  to  the  southeast  (unnamed  Silurian  limestone  of 
this  report  for  example)  suggests  that  the  southeastern  shoreline 
of  Appalachia  in  this  region  during  the  C4-C ,  time  interval  was 
situated  slightly  to  the  west  and  north  of  these  exposures.  The 
pebbles  in  both  the  Aroostook  County  and  Penobscot  County 
rocks  are  very  heterogeneous.  While  extracting  the  fossils  col- 
lected from  locality  E-12  Boucot  noted  pebbles  of  blue  quartz, 
light-colored  granitic  and  gneissic  rocks,  as  well  as  a  variety  of 
vari-colored  volcanic  and  sedimentary  rocks,  which  suggests  that 
a  "basement  complex"  source  is  probable.  It  is  important  in  this 
connection  to  realize  that  pre-C.-C,  age  Silurian  strata  are  un- 
known to  the  northwest  of  this  area,  although  strata  of  probable 
latest  Llandovery  or  VVenlock  age  as  well  as  Ludlow  age  do  occur 
in  some  abundance.  Pre-C,-C,  age  rocks  are  known  to  the  south- 
east of  this  area.  All  of  this  information  is  consistent  with  the 
concept  of  the  northern  portion  of  Appalachia  lying  between  cen- 
tral Maine  and  the  St.  Lawrence  River  near  the  beginning  of 
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Llandovery  time,  and  then  being  gradually  covered  as  the  sea 
advanced  from  the  southeast  and  east  during  the  Silurian.  By 
Ludlow  time  the  southeastern  shoreline  of  Appalachia  was  well 
northwest  of  Maine,  being  situated  somewhere  in  the  Eastern 
Townships  of  Quebec.  However,  the  C(J-Wenlock  age  southeast- 
ern shoreline  of  Appalachia  was  probably  not  far  northwest  of 
the  C4-C5  shoreline  because  C«-Wenlock  age  strata  occur  in  the 
same  sections  as  the  Frenchville  and  its  Penobscot  County  correl- 
atives but  consist  of  fine-grained,  slightly  calcareous  to  highly 
calcareous  strata  which  suggests  that  the  coarse  clastic,  shoreline 
facies  lay  somewhat  to  the  northwest. 

The  existence  of  two  contrasting  facies  which  characterizes 
the  Ordovician  and  Early  Silurian  rocks  of  the  area  does  not  per- 
sist into  the  later  part  of  the  Silurian.  During  Late  Silurian 
time,  fine  argillite,  siltstone,  and  argillaceous  limestone  (Perham 
formation)  were  deposited  over  a  wide  area  that  includes  much 
of  the  Presque  Isle  quadrangle  and  parts  of  neighboring  quad- 
rangles to  the  north  and  west.  The  oldest  rock  assigned  to  the 
Perham  formation  is  relatively  unfossiliferous,  uniform-textured 
argillite  of  C4-C-  to  Wenlock  age,  which  appears  to  grade  up- 
wards into  beds  that  contain  Lower  Ludlow  age  (Upper  Silu- 
rian) shelly  and  graptolite  faunas.  The  most  widespread  of  the 
Ludlow  age  rocks  is  finely  laminated,  carbonate-bearing,  orange- 
weathering,  sandy  siltstone  which  locally  yields  abundant  grapto- 
lites.  At  several  locations  within  this  siltstone  are  lenses  of  lime- 
stone and  limestone  breccia  that  locally  contain  abundant  shelly- 
facies  fossils.  These  lenses  resemble  reef  debris  and  may  indi- 
cate deposition  in  relatively  shallow  water.  Lower  Ludlow  time, 
then,  seems  to  have  been  a  period  of  general  submergence  in  the 
Presque  Isle  area. 

Apparently  no  rocks  were  deposited  and  possibly  some  rocks 
were  eroded  away  between  Lower  Ludlovian  and  New  Scotland 
time.  This  break  in  the  stratigraphic  record  appears  to  be  syn- 
chronous with  the  Salinic  disturbance. 

The  Salinic  disturbance  has  been  defined  by  Boucot  (1962, 
p.  156)  to  include  a  time  interval  extending  from  the  Middle 
Ludlovian  to  the  Lower  Gedinnian.  In  the  northern  Appala- 
chians (with  the  exception  of  Nova  Scotia,  the  Gaspe-Matapedia 
Valley  region,  and  possibly  the  Connecticut  River  Valley  region) 
this  disturbance  is  a  time  of  non-deposition  and  some  local  fault- 
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ing.  Faults  of  this  age  are  to  be  found  in  the  Moose  River  region 
(Boucot,  1961).  In  New  York  and  eastern  Pennsylvania  it  is 
largely  an  interval  of  red-bed  sedimentation  (the  "Bloomsburg 
Delta"  and  the  Salina  group)  or  an  interval  of  non-deposition, 
as  in  eastern  New  York.  Post-Salinic  marine  sedimentation  be- 
gan earlier  in  New  York  and  Pennsylvania  than  it  did  in  the 
northern  Appalachians.  In  New  York  and  Pennsylvania  rocks 
of  uppermost  Ludlovian  age  (Cobleskill  and  Rondout  forma- 
tions) and  Lower  Gedinnian  age  (Manlius  and  Coeymans  forma- 
tions) were  laid  down  after  the  Salinic  disturbance.  In  the 
northern  Appalachians,  the  first  post-Salinic  rocks  are  of  Upper 
Gedinnian  (New  Scotland)  age. 

The  contact  between  the  Perham  formation  of  Lower  Lud- 
low age  and  the  Dockendorff  group  of  New  Scotland  age  in  the 
Presque  Isle  quadrangle  appears  to  be  one  of  disconformity. 
The  Hedgehog  volcanic  rocks  rest  on  Perham  formation  shales 
throughout  most  of  the  quadrangle. 

Volcanism,  followed  by  contemporaneous  volcanism  and 
sedimentation,  occurred  throughout  the  Presque  Isle  area  in  New 
Scotland  time.  The  volcanic  rocks  of  the  Hedgehog  formation 
were  deposited  first,  followed  by  the  penecontemporaneous  depo- 
sition of  the  Edmund's  Hill  andesite,  the  Chapman  sandstone, 
and  the  Swanback  formation.  It  is  assumed  that  the  Edmund's 
Hill  andesite  was  deposited  at  the  shoreline,  so  that  parts  of  it 
were  covered  by  the  Chapman  sandstone  as  suggested  by  the 
interfingering  relations  between  them.  The  Swanback  shale  pre- 
sumably represents  a  finer  grained  deposit  formed  at  a  greater 
distance  from  shore. 

Deposition  of  the  rocks  of  New  Scotland  age  in  the  Presque 
Isle  quadrangle  was  followed  by  the  large-scale  folding  and  fault- 
ing of  the  post-Zone  B  age  Acadian  orogeny  (Table  1 ;  Table  7). 
Intrusion  of  Munson's  granite  may  have  occurred  at  this  time, 
as  did  the  intrusion  of  other  granites  in  northern  Maine  (Boucot, 
1954).  This  activity  was  followed  by  a  period  of  extensive 
erosion  and  eventually  the  deposition  of  1  he  Mapleton  sandstone 
and  conglomerate  on  the  folded  older  rocks.  The  coarseness  of 
the  Mapleton  indicates  deposition  in  an  area  of  moderate  relief. 
The  Mapleton  sandstone  has  been  dated  as  probably  not  younger 
than  Middle  Devonian  (Schopf,  written  communication,  L961; 
also  see  Appendix  I ,  p.  1 00) ,  thus  indical  ing  thai  the  tectonic  ac 
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tivity  of  the  Acadian  orogeny  is  probably  of  very  latest  Lower 
Devonian  or  late  Middle  Devonian  age  in  this  region. 

Folding  followed  deposition  of  the  Mapleton  sandstone  in 
the  Presque  Isle  area,  deforming  the  sandstone  into  a  broad,  open 
syncline.  The  teschenites  of  the  region  are  apparently  not  folded 
and  could  have  been  intruded  any  time  after  the  Mapleton  sand- 
stone was  folded. 

Briefly  the  paleogeography  of  the  Presque  Isle  area  from 
mid-Caradocian  through  Ashgillian  time  is  that  of  a  partially 
emergent  shoreline  region,  which  underwent  some  uplift  during 
the  late  Ordovician  or  early  Silurian.  The  next  stage  of  deposi- 
tion, that  of  Upper  Llandoverian  time,  was  again  that  of  a  par- 
tially emergent  shoreline.  Uplift  and  erosion  occurred  during 
the  Salinic  disturbance,  followed  by  volcanism  and  marine  sedi- 
mentation under  shallow  water  conditions  in  Lower  Devonian 
time.  Major  tectonic  activity  occurred  during  the  Acadian 
orogeny,  and  this  was  followed  by  deposition  of  Middle  De- 
vonian terrestrial  sediments.  Another  pulse  of  folding  followed 
this  terrestrial  sedimentation,  and  since  that  time  the  region  ap- 
pears to  have  been  a  relatively  stable  land  area. 
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REGIONAL  GEOLOGY 

Strata  of  New  Scotland  age  in  northern  Maine, 
eastern  Quebec,  and  northern  New  Brunswick 

Rocks  of  New  Scotland  age  are  widely  distributed  in  north- 
ern Maine,  eastern  Quebec,  and  northern  New  Brunswick.  Some 
of  these  strata  are  more  than  2,000  feet  in  thickness  and  gener- 
ally include  more  than  50  percent  volcanic  rocks.  They  occur 
within  a  relatively  narrow  belt  about  280  miles  long  from  near 
The  Forks,  Maine,  to  near  Maria,  Quebec  (fig.  2).  Outside  of 
this  belt  New  Scotland  age  rocks  aggregate  less  than  2,000  feet 
in  thickness  and  consist  predominantly  of  sedimentary  rocks. 
See  figure  2  in  pocket  inside  back  cover. 

At  many  places  strata  of  New  Scotland  age  are  not  readily 
differentiated  from  other  Lower  Devonian  rocks.  Wherever 
possible  the  pertinent  fossil  collections  have  been  reviewed  in  an 
attempt  to  achieve  such  a  separation.  For  each  locality  where 
sufficient  data  are  available  a  general  description  of  the  rock 
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units  is  given,  along  with  discussion  of  the  method  used  for  dat- 
ing the  rock  unit  and  of  the  criteria  by  which  the  thickness  of  the 
strata  judged  to  be  of  New  Scotland  age  has  been  measured. 

In  addition  to  strata  of  New  Scotland  age,  figure  2  shows 
the  approximate  location  of  the  eastern  end  of  Somerset  Island, 
an  area  of  basement-complex  granitic  and  gneissic  rock  which 
appears  to  have  stood  as  an  island  in  the  sea  that  covered  much 
of  the  northern  Appalachian  region  during  late  Silurian  and 
early  Devonian  times.  Near  Presque  Isle  the  association  of  ande- 
site  flows,  with  tuff  containing  a  shallow-water  marine  fauna, 
and  the  sandstone  containing  marine  fossils  in  some  beds  and 
plant  fragments  in  other  beds,  is  suggestive  of  a  New  Scotland 
age  shore-line.  It  is  possible  that  several  islands,  or  a  chain  of 
islands,  may  have  been  associated  with  the  volcanic  belt  indi- 
cated in  figure  2. 

Rocks  of  New  Scotland  age  are  summarized  in  table  5. 

Strata  of  New  Scotland  age  within  the  belt 
of  thickness  greater  than  2,000  feet 

South  Shore  of  Chaleur  Bay 

Volcanic  rocks  and  interbedded  sedimentary  rocks  extend 
westward  from  Petit  Rocher  along  the  southern  shore  of  the  Bay 
of  Chaleur  to  the  mouth  of  the  Restigouche  River.  The  best 
known  section  is  at  Dalhousie,  New  Brunswick  (fig.  2  ,  loc.  1). 

At  Dalhousie  the  sequence  has  been  divided  as  follows 
(Clarke,  1909,  p.  5-17;  Alcock,  1935,  p.  54-62;  Bell,  1939)  : 

Upper  Dalhousie  Beds 

Overlying  volcanic  rocks — chiefly  andesite 

Zones  16  through  6  of  Clarke;  thin  beds  of  ash,  lime- 
stone, and  calcareous  arenites  and  argillites;  under- 
lain by  andesite. 

Lower  Dalhousie  Beds 

Zones  5  through  1  of  Clarke ;  limestone,  shale,  and  tuff. 
Zone  0  of  Alcock;  calcareous  shales. 

In  the  eastern  part  of  this  region  Greiner  (1960,  p.  16-22) 
recognizes  two  units  (fig.  2,  loc.  2)  : 

Upper  Dalhousie  Beds;  volcanic  rocks  with  interbedded 
sedimentary  rocks. 
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Lower  Dalhousie  Beds ;  feldspar  porphyry,  volcanic  breccia, 
and  pyroclastic  rocks.  Boulder  conglomerate  with  boul- 
ders of  volcanic  material  similar  to  that  found  in  the  over- 
lying member  of  the  formation. 

Age.  —  At  Dalhousie  the  lowest  unit  to  which  a  New  Scot- 
land age  may  be  assigned  with  certainty  is  Clarke's  Zone  1, 
which  contains  the  following  (Clarke,  1909,  p.  14-15)  : 

*  Sieberella  pseudogaleata 
Spirifer  concinnus 

*  Leptaena  rhomb oidalis 
Meristella  princeps 
Stropheodonta  {Br  achy  priori)  major 

*  Stropheodonta  (Br  achy  prion)  schuchertana 
Strophonella  punctulifera 

Leptaenisca  concava 
Schizophoria  multistriata 
Zaphrentis  shumardi 

An  asterisk  indicates  fossils  recognized  by  Alcock  (1935, 
p.  57),  who  in  addition  included  Rhipidomella  numus  and  Meri- 
stella laevis. 

The  highest  zone  to  which  a  New  Scotland  age  may  be  defi- 
nitely assigned  is  Zone  14,  with  the  following  fauna  (Alcock, 
1935,  p.  58)  : 

Coelidium  strebloceras 
Sphenotus  ellsi 
Cypricardella  norumbigae 
Spirifer  concinnus 
Rensselaeria  stewarti 

In  Zones  10  and  16  Clarke  (1909,  p.  14-15)  lists  the  pres- 
ence of  Halysites,  which  is  indicative  of  a  Silurian  age  and  is 
inconsistent  with  the  New  Scotland  age  assigned  to  the  forma- 
tion. The  presence  of  Halysites  was  not  noted  by  Alcock  (1935) . 
Boucot  and  Naylor,  as  well  as  many  others  subsequent  to  Clarke's 
work,  have  been  unable  to  find  Halysites  in  these  rocks. 

Thickness.  —  The  total  thickness  of  Clarke's  sedimentary 

zones  (11)01),  p.  5-7)  is  aboul  430  lee!,  bu1  this  does  not  include 
the  great  flows  of  andesite  associated  w  it  h  t  fie  fossiliferoUS  st  rata 
at  Dalhousie.     A  profile  across  the  Dalhousie  section  made  by 
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Bell  (1939,  end  pocket)  gives  a  thickness  of  about  4,600  feet  for 
the  entire  sequence  of  New  Scotland  age  sedimentary  and  vol- 
canic rocks. 

Greiner  (1960,  p.  16-17)  gives  a  thickess  of  about  1,000 
feet  for  the  Lower  Dalhousie  member.  He  gives  no  information 
from  which  a  close  estimate  of  the  thickness  of  the  upper  mem- 
ber may  be  taken,  but  from  his  map  it  also  appears  to  be  at  least 
1,000  feet  thick. 

North  shore  of  Chaleur  Bay 

Sedimentary  and  volcanic  rocks  similar  to  those  occurring 
at  Dalhousie  continue  along  the  northern  shore  of  Chaleur  Bay 
at  least  as  far  east  as  the  town  of  Maria.  The  best  fossil  col- 
lections for  dating  these  beds  have  come  from  three  separate 
areas  —  one  near  Oak  Bay  (fig.  2,  location  3),  one  near  Escu- 
minac  (fig.  2,  location  4) ,  and  the  other  near  Maria  (fig.  2,  loca- 
tion 5),  Quebec.  Several  collections  from  these  areas  have 
yielded  New  Scotland  age  fossils  (Beland,  Quebec  Dept.  of 
Natural  Resources,  written  communication,  1961 ;  fossils  re- 
ferred to  Boucot  by  Beland  and  Skidmore,  both  Quebec  Dept.  of 
Natural  Resources;  see  also  Alcock,  1935,  p.  65).  Near  Oak  Bay 
many  collections  in  the  sedimentary  rocks  immediately  below 
the  volcanic  strata  are  of  Lower  Devonian  age,  and  a  few  are  dis- 
tinctly of  New  Scotland  age.  The  same  relation  holds  near 
Maria  (Alcock,  1935,  p.  65). 

Along  most  of  the  north  shore  of  the  Bay  of  Chaleur  the  sedi- 
mentary rocks  underlying  the  volcanic  units  are  of  Lower  De- 
vonian age.  These  sedimentary  rocks  in  turn  are  underlain  by 
closely  similar  Silurian  sedimentary  rocks  making  it  difficult  to 
place  the  boundary  between  the  Silurian  and  Devonian  systems 
in  this  area.  The  sedimentary  and  volcanic  rocks  most  likely  to 
be  of  New  Scotland  age  are  approximately  2500  feet  thick  here. 

Nictau,  New  Brunswick 

A  thick  sequence  of  volcanic  and  sedimentary  rocks  is  pre- 
served in  a  northeast-trending  belt  that  passes  near  Nictau,  New 
Brunswick.  The  lithologies  present  here  (Anderson,  Geological 
Survey  of  Canada,  written  communication,  1961)  are: 

Olive-green  siltstone,  shale ;  minor  grit,  calcareous  shale. 
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Gray  to  green  siltstone,  argillite,  slate;  minor  calcareous 
slate,  conglomerate,  limestone. 

Rhyolite;  silicic  to  intermediate  volcanic  rocks,  tuff,  vol- 
canic conglomerate ;  minor  interbedded  sedimentary 
rocks. 

Basic  volcanic  rocks,  tuff,  volcanic  conglomerate;  minor 
interbedded  sedimentary  rocks. 

The  structure  and  stratigraphy  of  these  units  is  complex  and  has 
not  been  worked  out. 

Age.  —  Numerous  collections  made  from  the  area  contain 
a  lower  Devonian  fauna,  and  the  following  are  specifically  of 
NewT  Scotland  age  (Anderson,  Geological  Survey  of  Canada, 
written  communication,  1961 ;  fossils  identified  by  L.  M.  Gum- 
ming, Geological  Survey  of  Canada)  : 

(fig.  2,  loc.  6)    No.  36595  Mendathyris  mainensis 

(fig.  2,  loc.  6)    No.  37257  Rensselaeria  sp.  cf.  R.  mainensis 

(  —  Mendathyris) 
Platyeeras  cf.  chapmani 
Orbiculoides  sp. 

(fig.  2,  loc.  7)    No.  37907  Leptaena  rhomboidalis 

cf.  Spino plasia  gaspensis 
Metaplasia  cf.  minuta 

(fig.  2,  loc.  8)    No.  36593   Kozloicskiellina  sp. 

Phacops  cf.  logani 
Zaphrentis  sp. 
Rensselaeria  sp. 
Dalmanites  pygidium 

The  distribution  of  these  collections  within  the  rocks  suggests 
that  the  whole  unit  may  be  of  New  Scotland  age. 

Thickness.  —  The  thickness  of  the  unit  has  not  been  meas- 
ured, but  it  appears  to  be  at  least  of  the  order  of  5,000  feet  and 
might  be  as  much  as  7,500  feet  (Anderson.  Geological  Survey  of 
Canada,  personal  communication  1961). 

Presque  Isle,  Maine 

The  average  thickness  of  the  New  Scotland  age  Dockendorff 
group  west  of  Presque  Isle,  Maine,  is  about  12,000  feet  and  maj 
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reach  a  maximum  of  about  19,000  feet.  These  rocks  have  been 
described  earlier  in  the  report  (see  p.  40). 

East  of  Churchill  Lake,  Maine 

A  series  of  volcanic  and  sedimentary  rocks  of  New  Scotland 
age  is  preserved  in  the  Spider  Lake  quadrangle,  Maine.  The 
chief  rock  types  are  mafic  volcanic  flows  and  pyroclastic  rocks. 
Lesser  amounts  of  interbedded  shallow  marine  sedimentary  rocks 
are  also  present.  The  principal  sedimentary  rocks  are  calcareous 
gray  siltstone  and  red  siltstone,  with  minor  amounts  of  calcare- 
ous sandstone,  conglomerate,  and  siliceous  limestone. 

Age.  —  These  beds  are  of  New  Scotland  age  as  indicated  by 
the  presence  of  Kozloivskiellina  cf.  perlamellosa,  and  Oliver 
(written  communication,  1982)  finds  that  "Spider  Lake  corals 
are  the  same  as  the  Beck  Pond  ones." 

Thickness.  —  The  beds  of  New  Scotland  age  in  this  area 
(fig.  2,  loc.  12)  are  probably  several  thousand  feet  thick  (Hall, 
written  communication,  1961). 

Moosehead  Lake  area,  Maine 

Red  and  green  slates  and  conglomerate,  associated  with  vol- 
canic units  —  chiefly  greenstone,  diabase,  and  basalt  —  are  ex- 
posed in  the  vicinity  of  Moosehead  Lake,  Maine. 

From  The  Forks,  Maine,  red  slates  associated  with  green- 
stone and  tuff  (Post,  in  Boucot  et  al,  1960)  of  New  Scotland  age 
(from  fossils  referred  to  Boucot  by  Post)  may  be  traced  north- 
eastward along  strike  for  about  25  miles  to  Moosehead  Lake, 
where  they  merge  with  the  main  body  of  the  Capens  formation 
as  defined  by  Boucot  (1961,  p.  177). 

Northeast  of  Moosehead  Lake,  at  Frost  Pond  north  of  Ripo- 
genus  Dam,  is  a  unit  of  red  shale  (Griscom,  in  Boucot  et  al.y 
1960)  underlain  by  diabase  and  basalt.  A  similar  red  slate  is 
exposed  at  Siras  Hill  about  10  miles  northeast  of  Moosehead 
Lake.  Both  of  these  units  are  overlain  by  the  Seboomook  forma- 
tion (Becraft-Oriskany  equivalent),  and  are  tentatively  corre- 
lated with  the  Capens  formation  on  a  basis  of  similarity  of  lith- 
ology  and  of  stratigraphic  position. 
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Age.  —  The  only  fossils  reported  from  these  units  (Post, 
written  communication,  1961),  are  found  in  green  tuff  at  the 
southwestern  limit  of  the  exposures  (fig.  2,  loc.  13).  This  collec- 
tion is  assigned  a  New  Scotland  age  by  Boucot  from  the  presence 
of  OrthostrojjJiia  cf.  strophomenoides. 

Thickness.  —  At  the  southwestern  end  of  the  zone  of  ex- 
posure (fig.  2,  loc.  13)  the  red  slate  and  volcanic  units  together 
have  a  maximum  thickness  of  several  thousand  feet  (Post,  in 
Boucot  et  al,  1960).  Near  Moosehead  Lake  the  volcanic  units 
are  absent,  and  the  red  and  green  slates  have  a  thickness  of  200 
to  400  feet  (Boucot,  1961,  p.  177).  Only  a  single  outcrop  of  the 
red  shale  unit  is  seen  at  Siras  Hill  (fig.  2,  loc.  33),  but  the  thick- 
ness of  the  unit  is  limited  to  not  more  than  a  few  hundred  feet  by 
the  presence  of  the  overlying  Seboomook  formation  (Heath, 
1959,  p.  55).  Near  Frost  Pond  (fig.  2,  loc.  32),  the  maximum 
thickness  of  the  red  shale  and  the  underlying  volcanic  rocks  is 
about  2,500  feet  (Griscom,  written  communication,  1961). 

Strata  of  New  Scotland  age  outside  the  belt 
of  thickness  greater  than  2,000  feet 

Northwest  and  southeast  of  the  belt  containing  the  thickest 
exposures  and  the  majority  of  the  volcanic  units,  New  Scotland 
time  is  represented  by  sedimentary  units  less  than  2,000  feet 
thick,  occasionally  associated  with  minor  volcanic  units. 

Square  Lake,  Maine 

A  single  outcrop  of  New  Scotland  age  limestone  occurs  on 
the  west  shore  of  Square  Lake  (fig.  2,  loc.  14).  Because  only 
this  one  outcrop  has  ever  been  reported,  there  is  no  basis  for 
estimating  the  thickness  of  the  formation  it  represents  (Williams 
and  Gregory,  1900,  p.  54-56). 

Fish  River  Lake  area,  Maine 

South  of  Fish  River  Lake,  fossils  of  New  Scotland  age 
are  found  in  a  dark  bluish-gray,  calcareous  siltstone  overlain 
by  sandstone,  siltstone,  and  shale  with  thin  interbedded  trachyte 
and  andesite  (fig.  2,  loc.  15).  These  rocks  are  overlain  by  Se- 
boomook formation  of  Becraft-Oriskany  age.  Including  all  beds 
from  the  lowest  f ossiferous  strata  to  the  base  of  the  Seboomook 
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formation,  the  New  Scotland  age  unit  is  about  400  feet  thick.  It 
is  underlain  by  a  2,600-feet  thick  unit  of  basalt,  limestone,  sand- 
stone, and  conglomerate  at  least  part  of  which  is  Lower  Ludlow 
in  age  (Boone,  University  of  Western  Ontario,  written  com- 
munication, 1961). 

Somerset  County,  Maine 

Units  of  New  Scotland  age  occur  at  several  places  in  Somer- 
set County  in  western  Maine. 

Beck  Pond  Limestone 

This  unit  (fig.  2,  location  16)  consists  of  750  feet  of  lime- 
stone with  an  upper  member  of  granite-boulder  conglomerate. 
The  formation  yields : 

Macropleura  macropleura 
Levenea  subcarinata 
Orthostrophia  strophomenoides 
"Camarotoechia"  alveata 
Nanothyris  sp. 
Kozloivskiellina  sp. 

and  is  of  New  Scotland  age  (Boucot,  Harper,  and  Rhea,  1959, 
p.  9-19).  Oliver  (written  communication,  1962)  finds  that  "the 
Beck  Pond  corals  are  the  same  as  the  corals  from  the  New  York 
Helderbergian  reefs." 

Bear  Pond  Limestone 

This  is  a  10-foot  thick  unit  of  argillaceous  and  arenaceous 
limestone  containing  granite  pebbles  which  occurs  near  Beck 
Pond  (fig.  2,  location  17)  intercalated  in  the  lower  part  of  the 
Seboomook  formation.  It  contains  the  following  assemblage  of 
New  Scotland  age  fossils  (Boucot,  Harper,  and  Rhea,  1959,  p. 
8): 

Macropleura  macropleura 
Orthostrophia  strophomenoides 
Leptaena  " rhomb oidalis" 
Kozloivskiellina  sp. 
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Seboomook  formation 


Near  Beck  Pond  dark  gray  slate  in  the  basal  part  of  the 
Seboomook  formation  (fig.  2,  location  18)  yields  the  following 
New  Scotland  age  assemblage : 

Spinoplasia  gaspensis 
Atrypina  sp. 

Orthostrophia  cf.  0.  strophomenoides 
Levenea  cf.  L.  subcarinata 

The  main  body  of  the  Seboomook  formation  is  of  Becraft- 
Oriskany  age,  and  the  upward  extent  and  thickness  of  the  New 
Scotland  age  portion  is  not  known.  The  fossils  listed  above  came 
from  the  lower  12  inches  of  the  formation  exposed  near  Beck 
Pond  (Boucot,  Harper,  and  Rhea,  1959,  p.  7-8). 

It  is  possible  that  the  Swanback  formation  exposed  near 
Presque  Isle  may  be  a  facies  of  this  lowest,  New  Scotland  age 
part  of  the  Seboomook.  The  Seboomook  is  also  lithologically 
similar  to  the  rocks  of  the  Fortin  series  of  eastern  Quebec,  the 
lower  part  of  which  may  interfmger  with  the  Cape  Bon  Ami  for- 
mation (Brian  Skidmore,  Quebec  Dept.  of  Natural  Resources, 
written  communication,  1961). 

Hobbstown  Formation 

The  Hobbstown  formation  (fig.  2,  location  20),  consisting 
mostly  of  interbedded  coarse-grained  arkose  and  conglomerate, 
is  exposed  to  the  north  and  west  of  the  Beck  Pond  area.  Lower 
Ludlow  fossils  are  found  in  a  four-inch  thick  bed  at  the  base  of 
the  formation,  but  these  may  have  been  reworked  from  the  un- 
derlying Hardwood  Mountain  formation  (Boucot,  1961,  p.  174- 
176).  Recently  poorly  preserved  fossils  (Kozlowskiellina?  sp. 
and  Meristella  sp.)  have  been  found  away  from  the  base  of  the 
Hobbstown,  and  are  suggestive  of  a  New  Scotland  age  for  at 
leasl  part  of  the  formation. 

Parker  Bog  formation 

The  Parker  Bog  formation,  which  occurs  to  (he  cast  of  the 
Beck  Pond  area  (fig.  2,  location  19),  consists  of  interbedded 
limestone  and  fine-grained,  flinty,  f ossiferous  tuff.  The  Parker 
Bog  is  of  New  Scotland  age  as  indicated  by  the  presence  of 


Strophonella  punctulifera.  This  unit  averages  200  feet  in  thick- 
ness (Boucot,  1961,  p.  173). 

South  of  Grand  Lake  Seboeis 

Near  Chamberlain  Brook  (fig.  2,  loc.  31)  are  several  thou- 
sand feet  of  New  Scotland  age  limy  siltstones  (R.  B.  Neuman, 
U.  S.  Geol.  Survey,  written  communication,  1961).  Kozloivskiel- 
lina  sp.  has  been  identified  from  these  rocks  by  both  Neuman  and 
Boucot  and  Orthostrophia  cf.  strophomenoides  by  Boucot.  The 
stratigraphic  and  structural  relationships  of  these  rocks  to  the 
surrounding  rocks  is  unknown. 

Mt.  Joli  formation,  eastern  Quebec 

At  the  type  section  (fig.  2,  loc.  21)  at  Perce,  Quebec  (Schu- 
chert  and  Cooper,  1930,  p.  170-174;  Alcock,  1935,  p.  67),  this 
unit  consists  of  dark  blue  shales  interbedded  with  harder  cal- 
careous shale  and  muddy,  slabby,  lighter  blue  sandstone. 

Age.  —  The  section  at  Mt.  Joli  yields : 

Kozloivskiellina  perlamellosa 
Cloudella  steivarti 
Eatonia  medialis 

which  indicates  a  New  Scotland  age.  Alcock  (1935,  p.  67)  notes 
other  collections  from  the  Perce  region,  but  these  have  been  of 
little  use  for  dating.  Clarke  (1908,  p.  61)  noted  the  presence 
of  Monograptus  clintonensis  in  the  type  section.  Schuchert  and 
Cooper  (1930,  p.  171)  agree  that  Monograptus  could  be  present, 
but  not  Monograptus  clintonensis,  and  note  the  presence  of  plant 
fragments  which  might  be  confused  with  graptolites.  Alterna- 
tive explanations  are  that  the  Mt.  Joli  formation  could  contain 
in-faulted  Silurian  elements  or  Devonian  graptolites. 

Thickness.  —  The  total  thickness  of  the  formation  is  550  to 
600  feet  (Schuchert  and  Cooper,  1930,  p.  174). 

Cape  Bon  Ami  and  Cape  Bon  Ami-Grande 
Greve  formations,  Eastern  Quebec 

The  Gaspe  limestone  is  a  series  of  gray  calcareous  argillites 
and  arenites,  with  some  massive  gray  limestone,  which  is  widely 
distributed  in  southeastern  Quebec.  Excellent  sections  are  seen 
at  Forillon  Peninsula  (fig.  2,  location  22)  on  the  eastern  coast  of 
Gaspe  where  Logan  (1863,  p.  391-393)  defined  the  formation. 
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Later  workers,  including  Clarke  (1908,  p.  22-46),  divided  Lo- 
gan's formation  from  top  to  bottom  as  follows : 

Grande  Greve  formation  (Logan's  members  7-8) 
Cape  Bon  Ami  formation  (Logan's  members  3-6) 
St.  Albans  formation  (Logan's  members  1-2) 

Present-day  usage  is  also  to  include  member  3  of  Logan  in 
the  St.  Albans  formation  (Beland,  Quebec  Dept.  of  Natural  Re- 
sources, written  communication,  1961). 

Away  from  the  type  section  it  is  difficult  to  separate  these 
formations  except  with  adequate  paleontologic  determinations, 
and  in  the  Rimouski-Matapedia  region  the  upper  two  units  are 
mapped  together,  as  the  Cape  Bon  Ami-Grande  Greve  formation. 

Age.  —  Clarke  (1908,  p.  37)  notes  that  Billings  and  other 
previous  workers  had  considered  the  Cape  Bon  Ami  formation 
as  a  relatively  unfossiliferous  transition  unit  between  the  St. 
Albans  and  Grande  Greve  formations.  The  former  is  Upper 
Silurian*  in  age,  whereas  the  latter  is  equivalent  to  the  Becraft 
limestone  and  Oriskany  sandstone  of  New  York. 

Cumming  (1959,  p.  18-22)  divided  the  Cape  Bon  Ami  for- 
mation at  Forillon  Peninsula  from  top  to  bottom  as  follows : 

Forillon  member  (Logan's  member  6  plus  870  feet 

additional  128  feet) 

Cape  Road  member       (Logan's  member  5)  380  feet 

Quay  Rock  member       (Logan's  member  4)  161  feet 

Petit  Portage  member   (Logan's  member  3)  170  feet 

The  Petit  Portage  member  contains  Monograptus  uncinatus 
var.  micropoma**  (Cumming,  1959,  p.  18-19)  which  is  of  Lower 
Ludlow  age.  The  same  species  is  found  in  exposures  on  Fox 
River  (fig.  2,  location  23)  about  15  miles  west  of  the  Forillon 
Peninsula.  Present  usage  is  to  place  the  Petit  Portage  member 
in  the  St.  Albans  formation  (J.  Beland,  Quebec  [)(  pt.  of  Natural 
Resources,  written  communication,  1961 ). 

Logan's  collections  (1863,  p.  391-393)  from  the  upper  p  u  is 
of  the  Cape  Hon  Ami  formation  indicate  a  Lower  Devonian  age. 
Clarke's  collections  (1908,  p.  38)   from  the  formation  are  not 

*  Recent  collection*  made  by  Dr.  Brian  Bkldmore  from  the  Etoncellei  member  In  the 
type  section  <>f  the  St,  Albani  show  conclusively  thai  its  fosslli  are  of  Nen  Bcol 
land  age, 

**  Recently  redetermined  ;ni<i  shown  i<>  be  of  Barlj  Devonian  rather  than  Late  siiu 
rinn  nw. 
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separated  by  member  and  thus  may  contain  mixed  Silurian  and 
Lower  Devonian  elements,  but  some  of  his  species  such  as 
Cordania  gaspeiou  indicate  that  at  least  part  of  the  upper  part 
of  the  Cape  Bon  Ami  formation  is  New  Scotland  in  age. 

McGerrigle  (1950,  p.  62-63)  reports  a  number  of  collections 
from  inland  exposures  of  the  Cape  Bon  Ami  formation,  but  most 
of  these  only  serve  to  show  that  the  exposures  are  of  Lower  De- 
vonian age.  The  most  useful  collection  (fig.  2,  location  24)  for 
dating  which  he  cites  (Lot  ll-M-40,  Joncas  Twp.,  p.  63)  appears 
to  be  of  Becraft-Oriskany  age  and  perhaps  should  be  placed  in 
the  Grande  Greve  formation. 

Collection  No.  55-2  referred  to  Boucot  by  Brian  Skidmore 
(fig.  2,  location  26)  contains: 

Spinoplasia  cf.  gaspensis 
Coelospira  sp. 

and  is  probably  of  New  Scotland  age. 

Collections  from  the  Rimouski-Matapedia  area  have  yielded 
the  following  (fossils  referred  to  Boucot  by  J.  Beland,  Quebec 
Dept.  of  Natural  Resources)  : 

No.  JB-27     (fig.  2,  location  26) 

Spinoplasia  gaspensis 
corals 

No.  BB-6-D     (fig.  2,  location  27) 

Spinoplasia  cf.  gaspensis 
Coelospira  sp. 
"Schuche?'tella"  sp. 
Leptocoelia  aff.  fiabellites 
Leptostrophia  sp. 
"Chonetes"  sp. 

No.  BB-26     (fig.  2,  location  28) 

Spinoplasia  cf.  g aspen  sis 
Leptaenisca?  sp. 
Coelospira  sp. 

No.  BB-27     (fig.  2,  location  29) 

Spinoplasia  cf.  gaspensis 
Coelospira  sp. 
"Chonetes"  sp. 
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"Schuchertella"  sp. 
Leptostrophia  sp. 
Leptocoelia  aff.  flabellites 

All  of  these  indicate  a  New  Scotland  age,  but  some  other 
collections  from  the  formation  are  of  Becraft-Oriskany  age 
equivalent  to  the  lower  part  of  the  Grande  Greve. 

One  collection  from  near  the  town  of  Causapscal  (fig.  2,  lo- 
cation 30)  made  by  Crickmay  about  1500  feet  above  the  base 
of  the  Cape  Bon  Ami-Grande  Greve  formation,  then  called  the 
Causapscal  formation  (Alcock,  1935,  p.  69),  contains: 

Eodevonaria  hudsonicus 
Coelospira  dichotoma 
Leptocoelia  sp.  aff.  L.  acutiplicata 
Spirif er  sp.  cf.  S.  modestus 

This  collection  is  of  post-New  Scotland  age,  and  helps  place 
the  boundary  between  strata  of  New  Scotland  and  Becraft- 
Oriskany  age. 

Thickness.  —  Because  the  published  references  do  not  dis- 
tinguish the  New  Scotland  age  strata  from  the  other  Silurian 
and  Lower  Devonian  age  strata  within  the  Gaspe  limestone  se- 
ries, it  is  possible  to  obtain  only  an  approximate  estimate  of  the 
thickness  of  the  New  Scotland  age  units.  On  the  shore  section 
at  Forillon  there  is  about  1000  feet  of  the  Cape  Bon  Ami  forma- 
tion likely  to  be  of  New  Scotland  age.  The  entire  formation  ap- 
pears to  become  thicker  away  from  this  type  section,  and  from 
McGerrigle's  maps  (1950,  1953)  it  is  possible  that  the  New  Scot- 
land age  units  may  be  about  1500  to  2000  feet  thick. 

The  stratigraphic  position  of  the  Becraft-Oriskany  age 
fauna  (fig.  2,  location  30)  near  the  town  of  Causapscal  cited 
above  indicates  a  maximum  thickness  of  about  1500  feet  for  the 
New  Scotland  age  strata  of  that  region. 

Relation  to  the  Fortin  series.  —  Brian  Skidmore  (Quebec 
Dept.  of  Natural  Resources,  written  communication,  1 0G 1 )  points 
out  that  in  several  places  the  Cape  Bon  Ami  formal  ion  appeal's 
to  interfinger  with  the  lowest  portion  of  the  Foil  in  series  This 
unit  is  the  time  equivalent  of  the  Seboomook  formation  of  .Maine 
and  lithologically  resembles  it  in  many  ways. 
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Littleton  Ridge,  5.3  miles  NE  of  Houlton,  Maine.  —  Since 
completion  of  this  compilation  Pavlides  (1962,  p.  42)  has  pub- 
lished information  regarding  calcareous  slate  of  New  Scotland 
age  at  the  Littleton  Ridge  manganese  deposit.  The  exact  thick- 
ness of  the  New  Scotland  age  beds  is  unknown  but  is  at  least 
several  hundred  feet  and  probably  not  over  two  thousand.  The 
following  fossils  were  identified  by  Boucot : 

Coelospira?  sp. 

Macropleura  cf.  M.  macropleura- 

unidentified  rhynchonellid 

Levenea?  sp. 

Leptaena  " rhomb oidalis" 

Kozlowskiellina  cf.  K.  perlamellosus 

Platystoma  sp. 

rhipidomellid 

schizophorid 

Atrypa  "reticularis" 

Evidence  for  the  Taconic  orogeny  in  the 
northern  Appalachians 

Throughout  much  of  the  Appalachians  in  the  region  be- 
tween Lehigh  Gap,  Pennsylvania  and  Newfoundland  there  is  a 
pronounced  physical  break,  either  an  angular  unconformity  or 
a  well  demarcated  disconformity,  usually  ascribed  to  the  Taconic 
orogeny  (Table  6)  that  separates  Ordovician  rocks  from  Silurian 
rocks. 
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Perhom  (m 
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fm 
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Ijn- named 
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urnesiorte 

Awontjuish 
fm 

Chaleur  Boy 
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Clemville  fm 
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and  shale 

Clemville  Im 
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St  Albans  fm 
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transitional 
carbonate 
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C2 
t 

A, 

Aghglllian 

groy 
slate 

Pyle 
Mountoin 
orgillite 

Motapedio 
group 

Whitehead 

fm 

Whitehead 
fm 

Whitehead 
fm 

Halifax 
fm 

Corodoclon 
and 
older 

beds  with 
lorge 

Chnstionia 

Osv 

Ribbon  Rock 

Meduxnekeag 
fm 

Shickshock 

? 

Elmtree 
group 

? 

Cape  Rosier 

Table  6.    Stratigraphic  limits  of  the  Taconic  orogeny  in  northern  Maine, 
northern  New  Brunswick  and  Quebec. 


The  age  of  the  'Taconic  orogeny"  is  usually  assumed  to  be 
latest  Ordovician  or  between  the  Ordovician  and  the  Silurian. 
However,  when  the  critical  dating  evidence  is  carefully  examined 
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it  becomes  readily  apparent  that  the  term  "Taconic  orogeny" 
probably  covers  several  geologic  events  which  occurred  in  both 
the  upper  half  of  the  Ordovician  and  the  lower  portion  of  the 
Silurian.  In  order  to  better  understand  the  problem  several 
facts  should  be  kept  in  mind : 

1.  Between  Lehigh  Gap,  Pennsylvania  and  northern  Maine 
(including  all  of  western  New  England  and  adjacent  Quebec) 
strata  of  Ashgill  and  latest  Caradoc  (Berry's  zones  fourteen  and 
fifteen  in  Fisher,  1962)  are  missing. 

2.  Marine  strata  of  pre-C:!  age  are  unknown  in  western 
New  England,  adjacent  Quebec,  eastern  New  York  and  adjacent 
Pennsylvania  and  New  Jersey. 

3.  Marine  strata  of  pre-C:,  age  in  the  northern  Appa- 
lachians are  known  only  at  a  few  scattered  localities  in  the  Lake 
Temiscouata,  Quebec;  Gaspe,  and  Arisaig,  Nova  Scotia  regions. 

4.  Marine  strata  of  Ashgill  age  in  the  northern  Appa- 
lachians are  known  only  in  a  strip  extending  from  the  Traveler 
Mountain  quadrangle,  Maine  northeast  through  northern  New 
Brunswick  and  southern  Gaspe  to  Perce. 

5.  In  the  strip  where  Ashgill  age  beds  are  preserved  there 
is  no  proof  for  an  angular  break  between  the  Ashgill  and  the 
overlying  Silurian.  In  this  strip  there  is  faunal  evidence,  how- 
ever, which  suggests  the  presence  of  a  profound  discontinuity 
which  omits  strata  of  Lower  Llandovery  to  C2  age. 

6.  In  this  same  strip  there  is  a  possibility  that  Ashgill  age 
beds  rest  disconformably  upon  Caradocian  age  strata  of  grapto- 
lite  zone  thirteen  of  Berry  (1960b). 

7.  Zen  (1961,  p.  2915)  has  dated  the  thrusting  in  the  north- 
ern end  of  the  Taconic  Range  in  west  central  Vermont  as  late 
Trenton  (uppermost  Middle  Ordovician  or  Middle  Caradocian). 

When  this  evidence  is  considered  it  is  apparent  that  the  pos- 
sibility of  the  "Taconic  orogeny"  having  been  a  single  event  of 
relatively  short  duration  is  unlikely.  Obviously  the  Ashgill  age 
strata  extending  from  the  Traveler  Mountain  quadrangle  to 
Perce  once  covered  a  far  more  extensive  area  as  Ashgill 
rocks  of  course  occur  on  Anticosti  Island.    It  is  also  likely  thai 
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the  entire  region  of  the  northern  Appalachians  was  not  neces- 
sarily affected  in  the  same  manner  by  the  "Taconic  orogeny." 

Probably  the  major  disconformity  between  the  Ashgill  and 
C3  and  younger  Silurian  strata  may  be  reflected  elsewhere  as  a 
disconformity  which  is  superimposed  upon  an  angular  uncon- 
formity of  about  middle  Caradoc  (Berry's  zone  thirteen)  to  Ash- 
gill (Berry's  zone  fifteen ;  1960b)  age.  This  major  disconformity 
between  the  Ashgill  and  C3  may  be  reflected  in  western  New 
York  and  the  subsurface  of  adjacent  Pennsylvania  by  the  Medina 
group,  whereas  the  middle  Caradoc  to  Ashgill  angular  uncon- 
formity may  be  reflected  by  the  red  beds  of  the  Queenston  for- 
mation. 

The  absence  of  an  angular  break  between  the  Silurian  Shaw 
Mountain  formation  of  eastern  Vermont  and  its  equivalent  to 
the  south  in  Massachusetts  and  Connecticut,  and  the  underlying 
Caradoc  age  (Magog  slate  and  its  equivalents  to  the  south)  strata 
suggests  that  the  regions  in  which  the  "Taconic  orogeny"  mani- 
fests itself  as  an  angular  unconformity  are  discontinuous.  If 
such  is  the  case  then  one  area  would  include  the  region  between 
Lehigh  Gap  Pennsylvania  and  the  Hudson  Valley  region  of 
eastern  New  York  and  a  second  would  include  the  region  between 
northern  New  Hampshire  and  the  Matapedia  Valley  region  of 
Quebec  (including  parts  of  northern  Maine  and  New  Bruns- 
wick). Certain  areas  in  which  Silurian  strata  rest  with  angular 
unconformity  upon  Lower  Ordovician  strata  may  reflect  an 
angular  break  of  post-Canadian  rather  than  "Taconic"  age. 

Localities  showing  evidence  of  the 
Taconic  unconformity 

The  Taconic  unconformity  has  been  observed  or  is  assumed 
to  be  present  at  the  following  localities: 

(1)  East  Branch  Penobscot  River,  Maine 

Here  Ashgillian  (see  Appendix  2)  gray  slates  are  separated 
by  a  covered  interval  of  about  100  feet  from  calcareous  con- 
glomerates and  slate  chip  breccias  of  Caradoc  age  (Neuman, 
written  communication,  1964).  The  contact  is  presumed  but  not 
proved  to  be  unconformable  (Rankin,  written  communication, 
1960). 
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(2)  Castle  Hill  area,  Presque  Isle  quadrangle,  Maine 

At  this  locality  the  Pyle  Mountain  argillite  (pi.  1),  which  is 
of  the  same  age  as  the  Whitehead  formation  at  Perce,  Gaspe 
(Whittington,  written  communication,  1961)  is  overlain  by 
Upper  Llandoverian  (C4-C5)  calcareous  sandstone  and  conglom- 
erate (Frenchville  formation  of  pi.  1).  The  contact  is  believed 
to  be  one  of  disconf ormity. 

(3)  Area  east  of  Castle  Hill,  Presque  Isle  Quadrangle,  Maine 

Here  the  ribbon  rock  member  of  the  Meduxnekeag  forma- 
tion is  overlain  by  the  unnamed  Silurian  limestone  of  C3-C5  age. 
The  ribbon  rock  member  of  the  Meduxnekeag  formation  contains 
Middle  Caradocian  (Trenton)  graptolites  (Pavlides,  Neuman, 
and  Berry,  1961).  It  is  lithologically  similar  to  the  Matapedia 
series  of  Ashgillian  age  in  Gaspe,  which  is  also  equivalent  to  the 
Ashgillian  (Upper  Ordovician)  Whitehead  formation.  The  un- 
named Silurian  limestone  is  in  turn  overlain  by  the  lower  mem- 
ber of  the  Perham  formation  which  is  of  C4-C3  to  Wenlock  age. 
Pavlides  believes  that  the  rocks  of  Ordovician  and  Silurian  age 
here  may  be  separated  by  disconformity  rather  than  angular  un- 
conformity, as  the  units  appear  to  be  structurally  conformable 
to  each  other. 

(4)  Lake  Matapedia,  Quebec 

Near  Lake  Matapedia,  the  Shickshock  formation  consists  of 
arkosic  quartzites  of  probable  Ordovician  age.  It  is  overlain  by 
the  Wenlockian  (lower  part  of  the  Upper  Silurian)  Val  Brillant 
white  sandstone  and  Awantjuik  formation  of  C3  to  Wenlock  age. 
The  contact  is  an  angular  unconformity  (Alcock,  1935,  p.  45; 
Crickmay,  1932,  p.  373-374). 

(5)  Restigouche  River  Valley,  Quebec  and  New  Brunswick 

In  this  valley  Ashgillian  limestones  of  the  Matapedia  group, 
lithologically  similar  to  the  ribbon  rock  member  of  the  Meduxne- 
keag formation  and  to  the  Whitehead  formation,  are  reported  to 
be  overlain  with  angular  unconformity  by  calcareous  shales  of 
the  Silurian  Chaleur  IJay  Series  (Crickmay,  L932,  cross  section 
C-D,  fig.  4,  and  p.  378-379 ) .  However,  the  actual  contact  has 
never  been  observed.  Pebbles  of  Matapedia  group  lithologj  do 
occur  in  overlying  conglomerates  indicating  unconformity,  hut 
the  presence  of  an  angular  break  cannot  he  considered  to  he  well 
established. 
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(6)  Pointe  Verte,  New  Brunswick 

Here  the  Elmtree  group  is  overlain  with  angular  uncon- 
formity by  the  Clemville  formation  of  Upper  Llandovery  age 
(zone  of  C3_5).  The  Elmtree  group  is  in  many  respects  lith- 
ologically  similar  to  the  Tetagouche  formation,  which  is  of  early 
Caradocian  age  (Greiner,  1960,  p.  7-10). 

(7)  Mount  Alexander  area,  Gaspe,  Quebec 

In  this  area,  Ashgillian  gray  limestone,  equivalent  to  the 
Whitehead  formation  at  Perce,  Gaspe,  Quebec,  is  reported  to  be 
overlain  by  Upper  Llandoverian  to  Wenlockian  (zone  of  C3  or 
younger)  limestones  and  shales  (McGerrigle,  1950,  p.  24,  44; 
Jones,  1938,  p.  12,  16-17).  Skidmore  (in  press)  reports  that  the 
contact  is  a  disconformity. 

(8)  Port  Daniel  area,  Gaspe,  Quebec 

Along  much  of  the  southern  coast  of  Gaspe  the  Ashgillian 
Whitehead  formation  is  inferred  to  be  overlain  with  angular  un- 
conformity by  the  Clemville  formation  of  Upper  Llandoverian 
age  (zone  of  C3-5)  (Alcock,  1935,  p.  27,  102),  but  the  actual  rela- 
tions have  never  been  observed. 

(9)  Perce,  Gaspe,  Quebec 

Here  the  Ashgillian  Whitehead  formation  is  overlain  with 
profound  angular  unconformity  by  the  Mt.  Joli  formation 
(Schuchert  and  Cooper,  1930,  p.  163-171)  of  New  Scotland  age 
(Upper  Gedinnian).  However,  this  unconformity  could  be  re- 
lated to  the  Salinic  disturbance  rather  than  to  the  Taconic. 

(10)  Forillon  Peninsula,  Gaspe,  Quebec 

On  this  peninsula  the  Cape  Rosier  formation  (Lower  Ordo- 
vician  or  older)  is  overlain  with  angular  unconformity  by  the 
Early  Devonian  St.  Albans  formation  (Cumming,  1959,  p.  10- 
11).  This  angular  break  may  be  of  post-Canadian  or  Salinic 
rather  than  Taconic  age. 

Peripheral  localities  showing  little  or 
no  evidence  of  Taconic  disturbance 

(1)  Annapolis  Valley,  Nova  Scotia 

In  the  Kentville  region  of  the  Annapolis  Valley  the  Trema- 
docian  (Lowermost  Ordovician)  Halifax  formation  is  overlain 
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disconformably  by  the  White  Rock  quartzite,  which  is  succeeded 
by  the  Kentville  slates,  that  contain  Lower  Ludlovian  (middle 
Upper  Silurian)  graptolites  (Berry,  1958,  p.  1534).  The  Hali- 
fax formation  is  dated  as  Tremadocian  by  dendroid  graptolites 
found  in  its  upper  part  (oral  communication,  Prof.  B.  Boucek, 
Prague,  Czechoslovakia,  and  Prof.  0.  B.  M.  Bulman,  Cambridge, 
England) . 

(2)  Anticosti  Island 

In  contrast  to  the  area  about  50  miles  to  the  southwest,  there 
is  no  evidence  of  Taconic  disturbance  on  Anticosti  Island.  Here, 
a  complete  sequence  of  strata  of  Caradocian  through  Wenlockian 
age  (Twenhofel,  1928,  p.  15)  is  exposed. 

The  Acadian  orogeny 

In  the  northern  Appalachians,  the  Acadian  orogeny  (Table 
7)  generally  is  characterized  by  an  episode  of  folding,  intrusion, 
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First,  intense   phase    of  the    Acadian    orogeny   including  tight   folding,  regional  metamorphism, 
intrusive   activity,  and  uplift. 
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TABLE  7.    Stratigraphic  limits  of  the  phases  of  the  Acadian  orogeny  iii 

Maine  and  Quebec. 

The  Bfapleton  Sandstone  bat  been  recently  (see  footnote  to  Appendix  i»  found  to 
be  of  probable  Givetian  rather  than  Dlfellan. 


metamorphism,  uplift,  and  erosion.  These  events  were  believed 
to  have  taken  place  between  Early  and  Late  Devonian  lime,  bul 
paleontologic  information  reported  herein  more  closely  dales  (he 
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Acadian  orogeny  at  a  few  places  in  Maine  and  the  Canadian 
Maritime  provinces. 

At  least  two  phases  of  the  Acadian  orogeny  are  present  in 
the  Presque  Isle  area,  but  in  the  Chaleur  Bay  region  there  may 
have  been  more  than  two.  The  first  phase  began  in  most  areas 
during  or  after  "Zone  B"  time  (Lower  Emsian;  see  Table  1)  in 
the  late  Lower  Devonian.  It  is  the  most  pronounced  phase  and 
consisted  of  tight  folding,  faulting,  development  of  cleavage,  in- 
trusion of  granitic  bodies,  uplift,  and  erosion.  The  second  phase, 
occurring  after  late  Middle  Devonian  time  but  before  Mis- 
sissippian  time,  is  characterized  by  broad,  open  folding,  and 
there  was  presumably  uplift  and  erosion  as  well.  A  possible 
third,  later  phase,  also  between  Middle  Devonian  and  Mississip- 
pian  time,  consisted  of  uplift  and  erosion  and  probably  gentle 
folding.  The  best  evidence  for  the  nature  and  time  of  the  second 
phase  of  the  Acadian  orogeny  is  in  the  Presque  Isle  area  of 
Maine.  The  evidence  for  the  second  phase  in  the  Traveler  Moun- 
tain area  to  the  southwest  appears  similar  to  that  of  the  Presque 
Isle  area,  but  is  less  definite.  In  the  Eastport  area  of  eastern 
Maine,  there  is  a  greater  time  gap  between  the  first  phase  and  a 
later  phase  of  deposition  of  sedimentary  rocks  and  folding  than 
in  the  Presque  Isle  and  Traveler  Mountain  area.  It  is  uncertain 
therefore  whether  the  sedimentary  rocks  of  the  Eastport  region 
were  folded  during  the  second  phase  of  orogenic  activity  or  per- 
haps during  a  later  one.  Evidence  for  the  later  phases  of  the 
orogeny  is  known  only  in  the  Chaleur  Bay  area. 


Localities  showing  evidence  of  the  Acadian  orogeny 

(1)  Moose  River  synclinorium,  northwestern  Maine 

The  Tomhegan  formation  of  the  Moose  River  group,  the 
youngest  formation  known  in  this  area,  is  exposed  in  the  core  of 
the  Moose  River  synclinorium  (Boucot,  1961,  p.  155).  The  pres- 
ence of  small  Amphigenia  and  Eodevona?ia  arcuata  dates  the 
formation  as  "Zone  B"  of  the  late  Lower  Devonian  (Boucot, 
1961,  p.  162).  The  strata  are  tightly  folded  and  cleaved.  No 
post-Acadian  rocks  have  been  observed.  The  nearest  well-dated 
granitic  intrusive  is  found  near  Jackman,  Maine,  where  a  stock 
of  quartz  monzonite  intrudes  the  Seboomook  formation,  which 
is  of  Becraft-Oriskany  age  (Hurley  and  others,  1959,  p.  947). 
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Thus,  in  this  area,  there  is  evidence  only  of  a  lower  limit  for 
the  beginning  of  the  first  phase  of  the  Acadian  orogeny. 

(2)  Traveler  Mountain  area,  north-central  Maine 

Lower  Devonian  rocks  in  the  Traveler  Mountain  area  have 
been  described  by  Rankin  (1958,  p.  1632).  The  oldest  unit  is 
the  Matagamon  formation,  a  marine  subgraywacke  of  Becraft- 
Oriskany  age  that  is  overlain  by  8,500  feet  of  felsitic  flows,  tuff, 
and  welded  tuff  which  Toppan  (1932,  p.  69-70)  had  originally 
named  the  Traveler  rhyolite.  The  Traveler  rhyolite  is  overlain 
unconformably  by  the  Trout  Valley  formation  of  Lower  or  Mid- 
dle Devonian  age.  The  lowest  unit  of  the  Trout  Valley  forma- 
tion is  a  volcanic  conglomerate  about  250  feet  thick  that  contains 
well-preserved  terrestrial  plant  impressions  dated  by  Professor 
Erling  Dorf  as  of  Onondaga  or  older  age  (Dorf  and  Rankin, 
1962).  The  basal  conglomerate  was  deposited  on  an  uneven 
erosion  surface  of  the  Traveler  rhyolite.  Conformably  above 
the  basal  conglomerate  are  beds  of  sandstone,  siltstone,  black 
shale,  and  siderite-chamosite  ironstone.  Ostracods,  tentatively 
dated  as  Onondaga  or  older  age,  occur  in  black  shale  in  the  units 
overlying  the  basal  conglomerate. 

The  Lower  Devonian  sedimentary  rocks  adjacent  to  the 
Traveler  rhyolite  are  relatively  gently  folded ;  dips  do  not  ex- 
ceed 40  degrees,  although  to  the  north  of  the  Traveler  rhyolite, 
the  Lower  Devonian  Seboomook  formation  is  tightly  folded.  The 
Matagamon  sandstone  lacks  cleavage  and  is  not  directly  intruded 
by  igneous  rocks.  However,  immediately  south  of  Traveler 
Mountain,  granite  of  the  Katahdin  batholith  intrudes  rocks  of 
Becraft-Oriskany  age  and  also  the  Traveler  rhyolite  (Rankin, 
1960,  p.  30). 

The  plant-bearing  Trout  Valley  formation  of  the  Traveler 
Mountain  area  may  be  of  about  the  same  age  as  the  Mapleton 
sandstone  near  Presque  Isle.  Dorf  (written  communication, 
1961;  1962,  p.  L003)  considers  the  Onondaga  to  be  of  Lower 
Devonian  age,  whereas  in  this  report  it  is  considered  by  the 
writers  and  by  Schopf  (Appendix  I)  to  be  of  Middle  Devonian 
age.  House  (1962,  p.  253)  also  assigns  the  Onondaga  to  the 
Middle  Devonian  on  the  basis  of  goniatites  as  does  Oliver  (  19(50. 
p.  174)  on  the  basis  of  corals.  Moreover,  Roucot  believes  that 
the  brachiopods  of  the  Onondaga  are  consistent  with  a  Middle 
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Devonian  age.  Oliver's  "Zone  B,"  formerly  placed  at  the  base  of 
the  Onondaga,  is  excluded  from  the  Onondaga  (Oliver,  1960, 
p.  171-174)  and  is  now  assigned  to  the  Lower  Devonian  by  Bou- 
cot  on  the  basis  of  its  contained  brachiopods  (Table  1). 

Oliver's  "Zone  B"  has  been  found  by  Boucot,  on  the  basis 
of  new  collections  made  by  Mr.  John  Southard,  to  be  of  the 
same  age  as  the  Schoharie  grit. 

The  first  phase  of  the  Acadian  orogeny  in  the  Traveler 
Mountain  area  folded  the  Traveler  rhyolite  and  older  rocks 
which  are  also  intruded  by  the  Katahdin  granite.  The  gentle 
folding  of  the  Trout  Valley  formation  is  of  the  same  order  of 
magnitude  as  that  affecting  the  Mapleton  sandstone  and  may 
represent  the  same,  or  second,  phase  of  the  Acadian  orogeny. 

(3)  Eastport,  southeastern  Maine 

Here  the  Eastport  formation,  consisting  of  some  8,000  feet 
of  cleaved  volcanic  and  sedimentary  rocks  of  Upper  Silurian  or 
possible  Lower  Devonian  age,  is  unconformably  overlain  by  the 
unmetamorphosed  Perry  formation  of  Upper  Devonian  age.  The 
Perry,  as  described  by  Bastin  and  Williams  (1914),  consists  of 
red  sandstone  and  conglomerate  with  some  red  shale  and  diabase 
flows.  The  beds  of  the  Perry  formation  have  been  tilted  as  much 
as  30  degrees,  but  locally  are  steeper  in  the  vicinity  of  faults. 
Dips  in  the  Eastport  formation  and  older  rocks  range  from  hori- 
zontal to  vertical  and  average  50  degrees.  The  rocks  are  cut  by 
large  faults  (Bastin  and  Williams,  1914,  maps  2,  4).  North  of 
the  Eastport  quadrangle  the  St.  George  granite  intrudes  Silurian 
rocks,  and  boulders  of  this  granite  are  very  common  in  the  Perry 
formation  (Bastin  and  Williams,  1914,  p.  13). 

Two  phases  of  the  Acadian  Orogeny  are  present  in  this  area. 
The  first  phase,  occurring  between  early  Lower  Devonian  and 
Upper  Devonian  time,  was  the  strongest,  consisting  of  tight  fold- 
ing, faulting,  and  granitic  intrusion.  The  folding  of  the  Perry 
formation  may  have  occurred  during  a  late  phase  of  the  Acadian 
orogeny.  It  is  uncertain  whether  the  Perry  formation,  of  Upper 
Devonian  age,  was  folded  at  the  same  time  as  the  Mapleton  sand- 
stone (of  late  Middle  Devonian  age)  in  the  Presque  Isle  area 
and  the  Trout  Valley  formation  (of  earliest  Middle  Devonian 
or  latest  Lower  Devonian  age)  in  the  Traveler  Mountain  area, 
or  later. 
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(4)  Presque  Isle  area,  northeastern  Maine 

Here  volcanic  and  sedimentary  rocks  of  the  Dockendorff 
group,  which  is  of  New  Scotland  age  (Upper  Gedinnian  or  early 
Lower  Devonian) ,  are  folded,  and  beds  dip  steeply.  Locally,  they 
have  slaty  cleavage.  These  rocks  are  unconformably  overlain  by 
the  Mapleton  sandstone.  As  described  earlier,  the  Mapleton  has 
been  tentatively  dated  as  late  Middle  Devonian.  The  Mapleton, 
in  contrast  to  the  Dockendorff  group,  is  less  tightly  folded ;  dips 
of  bedding  range  from  0  to  45  degrees.  It  is  uncleaved  and 
poorly  indurated. 

Near  Plaster  Rock,  New  Brunswick,  about  50  miles  east  of 
Presque  Isle,  the  post-Acadian  Windsor  series  of  Mississippian 
age  is  characterized  by  very  low  dips,  usually  less  than  5  degrees 
(Rose,  1936,  p.  3-4),  which  aids  in  bracketing  the  time  during 
which  the  Mapleton  was  folded. 

About  a  mile  north  of  the  Mapleton  sandstone,  Munson's 
granite,  a  stock  three-quarters  of  a  mile  in  diameter,  intrudes 
folded  rocks  of  upper  Llandovery  to  Ludlow  age  (late  Lower 
to  early  Upper  Silurian).  The  age  relationship  of  this  granite 
to  the  Mapleton  is  not  certain,  although  the  granite  is  believed 
to  be  of  Devonian  age  or  younger  and  of  post-Acadian  age  (see 
p.  65). 

Thus,  the  Acadian  orogeny  in  this  area  consisted  of  an  initial 
phase  of  intense  folding  and  possibly  of  local  granitic  intrusion 
between  New  Scotland  and  late  Middle  Devonian  time,  and  a 
later  stage  consisting  of  broad  open  folding  that  probably  oc- 
curred between  late  Middle  Devonian  and  Mississippian  time. 

(5)  Matapedia  Valley,  Quebec 

In  the  Matapedia  Valley  the  York  River  formation,  the 
youngest  formation  in  that  area  known  to  have  undergone 
Acadian  folding,  contains  the  brachiopod  Amphigenia  parva  and 
other  faunal  elements  of  "Zone  P>"  age  (found  by  Boucot  in  col- 
lections submitted  to  him  tor  study  by  the  Quebec  Department  of 
Natural  Resources). 

(6)  Chaleur  Bay  area  of  Quebec,  and  New  Brunswick 

In  the  Chaleur  Bay  area  there  is  a  minor  erosional  break  be- 
tween beds  of  Upper  Silurian  and  New  Scotland  age.    'This  Is 
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shown  by  the  presence  of  Silurian  boulders  in  the  New  Scotland 
basal  conglomerate  (Alcock,  1935,  p.  51-54,  104-105).  This 
hiatus  probably  represents  the  Salinic  disturbance  in  this  area 
(see  fig.  2)  rather  than  the  Acadian  orogeny. 

Near  Campbellton,  New  Brunswick,  Lower  Devonian  fish 
remains  have  been  found  in  the  lower  part  of  a  sandstone  forma- 
tion considered  by  Alcock  (1935,  p.  86)  to  be  part  of  the  Gaspe 
sandstone.  This  sandstone  is  overlain  with  angular  unconform- 
ity by  Carboniferous  strata. 

Alcock  cites  the  presence  of  an  unconformity  between  an- 
other sandstone  assigned  by  him  to  the  Lower  Devonian  Gaspe 
sandstone  and  sandstone  of  possible  Middle  Devonian  age: 

"The  line  drawn  between  the  beds  considered  to  be 
Middle  (sic  Lower)  Devonian  and  those  regarded  as  Upper 
(sic  probably  Middle)  Devonian  is  somewhat  arbitrary.  It 
is  taken  between  Divisions  A  and  B  of  Kindle's  Escuminac 
Bay  section  (Kindle,  1930,  p.  83-89).  Division  A,  as  already 
mentioned,  is  lithologically  like  the  typical  Gaspe  sandstone, 
and  its  plant  remains  and  ostracod  fauna  show  clearly  that 
it  belongs  to  the  same  series  that  outcrops  on  Gaspe  Bay  and 
at  Campbellton.  Above  Division  A  there  is  an  abrupt 
change  in  lithology.  The  actual  contact  between  A  and  B 
is  not  exposed,  so  it  is  not  possible  to  say  whether  or  not 
there  is  a  structural  break.  The  B  beds  where  first  seen 
have  a  dip  of  50  degrees  to  the  southeast,  but  eastward  their 
dip  flattens  out.  The  A  beds  have  dips  as  high  as  90  degrees 
and  it  is  possible  that  if  the  actual  contact  could  be  exposed 
it  might  prove  to  be  an  unconformity.  The  change  in  lith- 
ology is  so  distinct  that  more  than  one  worker  in  the  field 
has  mapped  the  B  beds  as  Bonaventure." 

The  Pirate  Cove  formation  (Kindle's  B  and  C)  is  overlain 
conformably  by  the  Fleurant  conglomerate  (which  contains 
boulders  of  granite),  which  in  turn  is  overlain  by  the  Escuminac 
formation,  containing  Upper  Devonian  fish  (Alcock,  1935,  p.  86- 
88).  It  is  possible  that  the  Pirate  Cove  formation  is  Middle  De- 
vonian on  the  basis  of  spores  (Dr.  Colin  MacGregor,  oral  com- 
munication, 1961),  but  this  is  not  conclusive. 

Orogenic  activity  did  not  cease  until  after  the  Upper  De- 
vonian in  the  Chaleur  Bay  area,  for  there  is  an  angular  uncon- 
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formity  between  the  Late  Devonian  Escuminac  formation  and 
the  overlying  nonmarine  Bonaventure  formation  of  Carbonifer- 
ous age.  Granite  stocks  intrude  Lower  Devonian  beds  in  several 
places,  and  are  overlain  by  flat-lying  Carboniferious  sandstones 
(Alcock,  1935,  p.  75-77). 

It  is  difficult  to  evaluate  the  evidence  here.  The  Salinic 
break  and  the  break  between  Upper  Devonian  and  Carbonifer- 
ous rocks  appear  to  be  certain,  but  the  other  breaks  between 
the  Lower  Devonian,  Middle  Devonian,  and  Upper  Devonian  are 
less  certain.  It  seems  probable  that  the  early  Acadian  history 
here  was  the  same  as  it  was  in  the  other  areas,  but  this  still 
remains  to  be  confirmed. 
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APPENDIX  I 


Report  on  dating  of  plant  fossils  from  the  Mapleton  sandstone 
By  Dr.  J.  M.  Schopf 
(U.  S.  Geological  Survey,  Columbus,  Ohio,  1961) 

This  report  discusses  results  of  maceration  of  the  sandstone 
matrix  associated  with  spiny  Psilophyte  remains  which  were 
previously  reported  on  2-24-61.  The  specimen  was  submitted  by 
Richard  S.  Naylor,  who  obtained  it  from  about  three  miles  north- 
west of  Presque  Isle,  Aroostook  County,  Maine.  Laboratory 
preparations  are  recorded  and  filed  under  maceration  #1011  at 
the  U.  S.  G.  S.  Coal  Geology  Laboratory,  Columbus,  Ohio. 

Material  derived  by  maceration  is  not  very  abundant.  It 
consisted  of  the  following  types  of  material : 

1.  Cuticular  fragments  which  were  generally  over-macer- 
ated. No  conclusions  have  been  derived  from  the  cuticle,  but  it 
would  be  possible  to  improve  results  with  better  material  or  by 
giving  special  attention  to  cuticular  remains  of  the  sample  at 
hand.  Nothing  was  observed  in  conflict  with  the  presumed  psilo- 
phytic  origin  of  these  cuticular  fragments. 

2.  Small  spines,  not  very  well  preserved,  which  are  pre- 
sumably derived  from  the  spiny  psilophytic  axes.  In  general, 
the  spines  are  smaller  than  those  reported  by  Lang  from  the 
omatum  variety  of  Psilophyton  princeps  Dn.  in  1931  (Phil. 
Trans.  B.  Roy.  Soc.  Lond.,  v.  219,  p.  421-442).  The  longest  was 
nearly  350  [i,  tapered  from  a  point  to  a  base  about  170  [x  wide. 
Other  examples  are  truncated  and  appear  as  cylindrical  bodies 
with  slight  taper.  They  might  correspond  with  some  of  the 
spines  shown  by  Lang  on  small  striated  axes.  No  glandular  tips, 
such  as  those  illustrated  by  Lang,  were  observed  on  any  of  the 
spines  but  they  might  still  be  present.  Lang's  material  was  de- 
rived from  specimens  sent  by  Dawson  from  the  Gaspe  area  and, 
presumably,  are  Early  Devonian.  The  spines  of  Psilophyton 
vary  considerably  in  size  even  on  the  same  plant,  and  it  still  is 
somewhat  uncertain  as  to  what  range  of  variation  is  to  be  prop- 
erly included  under  variety  omatum  or  P.  princeps.  I  suppose 
that  material  bearing  spines  similar  to  that  discussed  above  is 
the  basis  for  Williams'  (Williams  and  Gregory,  1900,  pp.  79-87) 
and  White's  (1943,  p.  88)  earlier  determination  of  Psilophyton 
princeps  from  this  area.  However,  the  spines  that  I  have  ob- 
served also  are  similar  to  those  described  by  Lang  (1925)  on 
Thursophyton  milleri. 
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3.  Sporangial  masses  of  spores.  A  few  spore  masses  were 
observed,  one  of  which  is  nearly  21/2  mm.  long,  gradually  taper- 
ing from  a  maximum  width  of  nearly  0.4  mm.  Other  segments 
of  apparently  similar  outline  range  down  to  about  0.2  mm.  in 
width.  Other  spore  masses  are  broader,  although  more  frag- 
mented. It  seems  clear  that  at  least  three  different  types  of 
sporangia  are  represented.  Some  of  them  apparently  are  com- 
parable to  spore  masses  illustrated  by  Lang  in  1925  (Trans.  Roy. 
Soc.  Edinburgh,  v.  54,  p.  253-272,  pi.  1). 

The  constituent  spores  in  the  spore  masses,  and  also  the 
more  common  varieties  of  isolated  spores,  are  simple  in  construc- 
tion. Spores  in  the  mass  that  is  most  complete  are  apparently 
smooth,  trilete,  discoidal,  and  about  85  \l  in  diameter.  The  other 
spore  masses  and  the  isolated  spores  show  two  principal  types  of 
ornamentation.  All  are  more  or  less  discoidal,  trilete,  with 
possibly  two  types  of  granulation.  The  coarsest  of  these  cor- 
responds approximately  with  that  described  by  McGregor 
(Paleont.,  v.  3,  p.  29,  1960)  as  Cyclogranisporites  ampins  from 
Melville  Island  in  the  Canadian  Arctic.  These  spores  range 
from  60  or  70  fjt  to  about  120  y<  in  diameter  in  the  material  here 
reported.  The  other  spore  type,  with  a  much  finer  granulation, 
seems  comparable  to  that  which  McGregor  (1960,  p.  38)  refers 
to  as  Tholisporites  punctatus.  The  size  range  observed  is  from 
about  70  to  90  \x. 

One  isolated  spore  was  seen  which  may  be  comparable  to 
Auroraspora  as  discussed  by  Richardson  (Paleont.,  v.  3,  p.  49, 
1960),  and  also  treated  as  type  "A"  by  Lang  (idem,  1925). 

Two  additional  spores  were  found  that  are  relatively  large 
(240  and  290  \i  max.  diam.)  and  equipped  with  appendages  that 
are  very  characteristic  and  entirely  comparable  with  those  illus- 
trated by  Lang  (idem,  1925)  as  type  "H."  The  spines  are 
swollen  at  the  base,  taper  to  a  narrow  simple  tip,  have  undulairl 
outline  (anguilluliform)  and  mostly  range  from  30  to  50  long. 
The  spore  coat  is  relatively  thick. 

4.  One  additional  type  of  material  consisted  of  flattened 
platelets  of  vascular  tissue  showing  scalariform  pitting  in  trac 
heads  of  relatively  narrow  breadth.    This  type  of  pit  tine  corre 
sponds  generally  with  thai  determined  from  petrified  psilophyfc 
as  reported  by  Henes   (Kossile  Wandst  rukt  uren,  Bornt  racier, 
Berlin,  1959;  cf.  esp.  pis.  1-3),  and  by  other  authors.    This  evi 
dence,  while  not  conclusive,  is  confirmatory  to  the  determination 
of  the  material  as  derived  from  psilophytic  land  plants. 
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Discussion.  —  The  greatest  similarity  is  shown  with  the  as- 
semblage described  from  Lang  from  the  Eifelian-Givetian 
Achanarras  band  in  northeastern  Scotland.  I  place  a  good  deal 
of  weight  on  the  determination  of  Lang's  spore  type  "H"  which, 
while  not  so  commonly  recorded,  is  still  a  very  distinctive  spore 
type.  I  have  observed  similar  spores  in  the  base  of  the  Martin 
formation  of  Arizona.  Perhaps  as  significant  as  any  negative 
evidence  can  be,  is  the  absence  of  spores  with  bifurcate  append- 
ages like  those  described  by  Naumova  (1953;  cf.  trans,  in  Inter- 
nal Geol.  Review,  v.  8,  p.  688,  1960)  and  by  McGregor  and  Rich- 
ardson in  works  previously  cited.  Spores  of  this  type  have  also 
been  found  generally  in  late  Middle  and  Late  Devonian  and 
Early  Mississippian  deposits  in  Ohio  by  Winslow  (U.S.G.S. 
P.P.  364,  in  press,  1962).  Spores  with  these  bifurcate  spines, 
which  differ  materially  from  those  shown  by  type  "H,"  seem  to 
be  lacking  in  the  Mapleton  sample  and,  largely  on  this  account, 
I  would  be  inclined  to  suggest  an  early  Middle  Devonian  age 
for  this  material.  On  the  basis  of  specimens  previously  received, 
I  could  not  be  certain  whether  the  spiny  stems  should  now  be  re- 
ferred to  Psilophyton  or  to  Thursophyton,  but  the  spiny  psilo- 
phytes  are  more  characteristic  of  Early  than  of  the  Middle  De- 
vonian. Consequently,  their  presence  suggests  a  little  older, 
rather  than  younger  deposits.  The  only  evidence  of  later  De- 
vonian, that  I  can  see,  might  be  derived  from  the  elongate 
sporangium  with  smooth-walled  spores  which  is  similar  to  the 
fructifications  known  from  Archeopteris.  However,  Arche- 
opteris  also  is  known  to  be  present  in  Middle  Devonian  deposits. 
In  any  event  it  cannot  be  identified  solely  on  the  basis  of  its 
sporangial  masses  which  are  quite  generalized.  The  spore 
masses  illustrated  by  Lang  show  that  this  type  of  sporangium 
extends  back,  at  least,  to  the  middle  part  of  the  Middle  Old  Red 
in  Britain  and  could,  also,  go  back  a  little  further. 

While  the  Tholisporites  and  Cyclogranisporites  types  of 
spores  are  reported  in  younger  beds  (Cyclogranisporites  in 
Pennsylvanian) ,  the  fact  is  that  both  are  pretty  generalized  and 
conform  rather  well  with  spores  of  the  psilophyte  assemblage. 
The  generic  names  have  very  little  significance,  and,  so  far  as 
heritable  biocharacters  go,  one  can  only  suggest  that  two  species 
of  unknown  affinity  probably  are  represented. 

I  am  aware  that  the  Mapleton  sandstone  has  been  treated 
as  of  Late  Devonian  age  in  U.S.G.S.  Bulletin  940-E  (pi.  24  and 
table  p.  129),  possibly  because  of  its  unconformable  relations 
with  the  underlying  Chapman  sandstone  and  other  reasons  not 
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now  apparent  to  me.  My  present  suggestion,  which  could  be  sub- 
ject to  considerable  revision  if  additional  material  (particularly, 
a  good  sequence  of  plant-bearing  collections)  comes  to  light, 
would  be  that  the  time  interval  denoted  by  the  unconformity 
between  the  Mapleton  and  the  Chapman  may  not  be  nearly  as 
long  as  previously  suggested.  By  reading  Williams  (U.S.G.S. 
Bull.  165,  p.  79,  87,  88),  I  gather  that  spiny  psilophytic  stems 
are  present  in  both  the  Chapman  and  Mapleton  formations.  It 
would  be  of  interest  if  these  old  records  could  be  reconfirmed 
and  associated  material  collected  from  a  carbonaceous,  fairly 
fine-textured  matrix.  Undoubtedly  a  more  careful  study  should 
be  made  before  much  emphasis  is  placed  on  the  presence  of  "H" 
type  spores  of  Lang  or  the  absence  of  spores  with  bifurcate  ap- 
pendages in  the  Mapleton  deposits. 

Since  completion  of  Appendix  I,  Schopf  has  made  the  following  additional  material 
available  based  on  new  collections. 

The  Chapman  sandstone  at  Edmunds  Hill  shows  a  fragmental  psilophyte  assem- 
blage which  superficially  resembles  in  habit,  the  finer  plant  debris  of  the  Mapleton 
sandstone  west  of  Presque  Isle.  It  would  appear,  however,  that  some  smooth  axes 
of  HostimeUa  type  are  the  only  elements  in  common.  Recent  detailed  examination 
shows  a  good  representation  of  Pachytheca,  one  of  the  characteristic  Early  Devonian 
algal  types,  and  a  few  fragments  that  may  represent  Nematothallus.  These  would 
tend  to  support  an  Early  Devonian  age  for  the  Chapman  sandstone  which.  I  under- 
stand, is  indicated  in  greater  detail  by  invertebrate  fossils.  The  plant  types  men- 
tioned are  by  no  means  restricted  to  the  Lower  Devonian  though  they  are  most 
commonly  reported  from  beds  of  this  age — see.  for  example.  Stockmans'  report  on 
Early  Devonian  plants  from  Belgium  (Mem.  93.  Musee  Royal  D'hist.  Nat.  de  Belgique, 
90  p.,  15  pis.,  1940)  in  which  a  similar  species  of  Pachytheca  is  well  illustrated. 
However,  the  point  that  I  regard  as  significant  is  that  I  have  not  found  any  Pachythe- 
ca in  the  extensive  materials  I  have  examined  from  the  Mapleton  sandstone  less  than 
three  miles  distant.  Pachytheca  specimens  are  small,  spheroidal,  and  readily  trans- 
ported so  that  this  in  itself  is  good  evidence  that  the  deposits  are  different,  as  sug- 
gested by  their  different  structural  setting,  in  spite  of  superficial  resemblance  litho- 
logically. 

From  earlier  examination  of  limited  material,  based  largely  on  the  absence  ot  spores 
with  bifurcate  spines  and  the  presence  of  the  Type  "H"  spores  of  Lang,  I  had  tenta- 
tively suggested  an  early  Middle  Devonian  age  (that  is.  Kifelian  age)  for  the  Mapleton 
sandstone.  I  think,  now.  that  it  should  he  regarded  as  slightly  younger  than  this 
since  the  new  collection  clearly  shows  a  flora  of  GIvetian  affinity.  The  age  mighl 
still  be  Early  Givetian  and  below  the  zone  of  abundance  for  spores  with  bifurcate 
spines.  My  present  suggestion  as  to  age.  then,  would  be  in  the  early  part  of  the  late 
Middle  Devonian.  The  additional  evidence  on  which  this  determination  is  based  is 
indicated  below. 

Both  smooth  and  spiny  psilophytes  are  abundant,  but  the  emphasis  previously  placed 
on  the  antiquity  of  the  spiny  forms  has  been  dissipated  since  Nuber  and  (JrierSOn'S 
well  authenticated  report  (Am.  Jour.  Hot.,  v.  48,  p.  473-496,  1961)  of  (he  ornate 
spiny  variety  from  basal   Late  Devonian  deposits  in   New  York  State.     In  addition  to 

these  types,  a  considerable  number  of  specimens  with  nodal  ridges,  Irregular  emer 

gences  and  characteristic  divided  "crown."  are  referable  to  Oolamophyton.  Others 
identified  with  less  certainty  (but  great  probability,  since  (heir  habi(  is  similar 
to  OalamophytOtX  and  abundant  small  sclerotic  nests  in  the  cortex  are  evident)  may 
represent    P8eud08porOChnU8.      Some   of    the   OalamophytOtl    specimens    are    fertile  with 

abundant  paired  sporangia  and  spores.    Excellent  recent  studies  of  representatives  of 

both  genera   have  been  given  by   LeClerCq  and   Andrews    (Mo.    Bot   Gard.,   Annals.   \  I, 

p  l  23  5  ids..  I960),  ami  by  LeClercq  ami  Banks  (Palaeontographica,  v.  Lio  B,  p.  i  •"•  • 

10  plS.',   1962)   from  an  evidently  similar  association  in  the  basal  part   of  (he  Givetian 

Other  elements  are  not  so  easy  (<•  Identify  ami  very  probably  are  new,    One  axia 

with  Strongly  deCUrrenl  branches  above  ami  diffusely  aggregated  (vascular  ?)  strands 
below    in  part  resembles  the  specimens  Ktf>eg   (NorgBB  Svalbard-Og  I -ha  \  -  n  ndcrs./.keK.-r. 

Skrif  ter  83  p  i  228  82  pis.,  1942)  described  (p.  144)  ami  Illustrated  (pi  :.7i  but  dot 
iiot  Identify  from  Mlmerdalen  in  Spitsbergen.  Among  others,  be  compared  it  with 
Fragments  referred  to  Protopteridium  from  Bohemia.  The  Mlmerdalen  and  Bohemian 
material  also  li  regarded  as  Mid-Devonian,  a  few  axes,  i  2  cm  broad,  smooth,  die 
hotomoue    may  perhaps  be  compared  with  specimens  (hat   have  been  described  ol 

Taentocrada,  except  that  DO  (face  of  a  central  strand  is  visible  Another  BtOUt, 
straight  avis  specimen,  sent  to  me  by   Mr.  Forbes  from  a  more  recent  Collection  III  tll«> 

Same  locality  is  »  to  B  cm  across,  abom  i^  cm  long,  and  ihowi  8  (probablj  )  yertl 
eal  series  of  scars  in  alternately  opposed,  distichous  arrangement.  Small  linear 
ffollaae  ?)  fragments  may  be  derive, i  from  Calamophuton  or  may  represent  rome  mon> 
definitely'  herbaceous  dement.    Oven  though  ion  I  the  genera  and  several    I   < 

probably   differ   from    forms   previously   described,    apparently    all    ar  QSlStenf  Witt 

Givetian  age  determination, 
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A  new  genus  of  Silurian  atrypacean  brachiopod 
By  Arthur  J.  Boucot 

In  dating  the  Ashgillian  equivalents  exposed  on  the  East 
Branch  of  the  Penobscot  near  Pond  Pitch,  the  occurrence  there 
of  Catazyga,  a  genus  hitherto  never  reported  from  strata  of  un- 
doubted Silurian  age,  is  critical.  Catazyga  has  previously  been 
cited  from  beds  of  Upper  Llandovery  or  Wenlock  age  in  Britain, 
although  it  is  apparent  that  the  British  material  should  not  be 
assigned  to  Catazyga  when  its  internal  structures  are  taken  into 
consideration.  Therefore,  to  remove  any  possible  element  of 
confusion  regarding  the  age  and  correlation  of  the  beds  on  the 
East  Branch,  the  British  material  and  a  similar  form  from 
Estonia  are  here  redescribed  and  assigned  to  a  new  genus. 

Superfamily  ATRYPACEA 
Family  ATRYPIDAE   Gill,  1871 
Subfamily?   DAYIINAE   Waagen,  1883 
Genus  PENTLANDELLA   Boucot,  new  genus 
(PI.  2,  figs.  1-5;  PI.  3,  figs.  1-2) 

Type  species:  Rhynchonella  pentlandica  Haswell,  1865,  On  the 
Silurian  formation  in  the  Pentland  Hills,  p.  31,  PI.  3,  figs. 
9-10. 

Diagnosis.  —  Biconvex  atrypaceans  with  branching  plica- 
tions, a  median  septum  in  the  brachial  valve  that  supports  the 
medianly  grooved  cardinal  plate,  and  an  anteriorly  bifurcating, 
raised  muscle  platform  in  the  pedicle  valve. 

Comparison.  —  Pentlandella  is  distinguished  from  Catazyga 
by  the  absence  in  the  latter  of  bifurcating  plications  (PI.  3, 
fig.  4),  and  of  a  median  septum  rather  than  a  myophragm  in  the 
brachial  valve  (PI.  3,  figs.  5,  6,  7,  9,  17).  Catazyga  has  a  trape- 
zoidal, depressed,  anteriorly  expanding  muscle  field  in  the 
pedicle  valve  rather  than  an  anteriorly  bifurcating,  raised  field. 
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Exterior.  —  The  valves  are  unequally  biconvex,  with  the 
pedicle  valve  having  the  greater  degree  of  convexity.  The  beak 
of  the  pedicle  valve  is  incurved.  The  anterior  margin  is  crenu- 
late  and  rectimarginate.  The  radial  ornamentation  consists  of 
plications  with  rounded  cross-sections,  which  increase  in  number 
Tby  bifurcation.  The  shells  are  subcircular  to  laterally  or  longi- 
tudinally elongate  in  outline.  The  greatest  width  is  near  the 
midlength.   The  anterior  commissure  is  gently  uniplicate. 

Interior  of  brachial  valve.  —  The  cardinalia  consist  of  a 
cardinal  plate  supported  by  a  median  septum.  The  cardinal  plate 
is  medially  bent  into  a  low  trough  resembling  a  cruralium.  The 
dental  sockets  are  laterally  directed.  The  radial  ornamentation 
is  strongly  impressed  upon  the  peripheral  portions  of  the  in- 
terior. 

Interior  of  pedicle  valve.  —  Dental  lamellae  are  absent.  The 
dentition  consists  of  stout  hinge  teeth  placed  on  either  margin 
of  the  delthyrial  cavity.  The  musculature  consists  of  a  pair  of 
long,  linear  posterior  adductors  separated  by  a  myophragm,  and 
has  two  anterior  pairs  of  diductors  situated  on  a  trapezoidal, 
raised  muscle  platform. 

Distribution.  —  The  genus  is  known  from  strata  of  late 
Upper  Llandovery  age  in  Wales  (Jones,  1914,  p.  104-109;  Pent- 
landella hasivelli  and  Pentlandella  cf.  anticostiensis  Jones  non 
Billings)  ;  in  Scotland  (Davidson,  1868,  p.  187-188;  Pentlandella 
pentlandica;  and  Rolfe,  1960;  ribbed  dayid;  Lamont,  1947,  p. 
201;  Pentlandella  pentlandica),  in  Estonia  (Rosenstein,  1941, 
p.  1-7;  Pentlandella  furcata  Rosenstein  non  Sowerby),  and  prob- 
ably in  England  (Wills,  et  al,  1925,  p.  73)  if  Wills'  "Catazyga  cf. 
anticostiensis,"  which  comes  from  beds  of  C8  age,  belongs  to 
Pentlandella  as  seems  likely  in  view  of  the  fact  that  true  Cata- 
zyga is  unknown  in  beds  of  Upper  Llandovery  age. 


Species  Assigned 

Rhynchonella  pentlandica  Haswell,  L865,  On  the  Silurian  forma 
tion  in  the  Pentland  Hills,  p.  31,  PI.  3,  figs.  9-10. 

Zygospira  haswelli  Reed,  L908,  Geol.  Mag.  (London),  nev 
ries,  decade  5,  vol.  5,  p.  KM-Hf),  PI.  11,  figs.  '1-9. 
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Plate  2.    Pentlandella  pentlandica 
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Plate  2 


Figures  1-5    Pentlandella  pentlandica   (Haswell,  1865) 
"Ludlow  Rock"  of  latest  Llandovery  or  Wenlock  age. 

"Deerhope  Burn,  Pentland  Hills."  Probably  collected  from 
the  west  side  of  the  North  Esk  River,  north  of  the  junction 
with  Henshaw  Burn,  Pentland  Hills,  Peebleshire,  Scotland. 

All  figures  are  copied  (x3)  from  Davidson  (1868,  PI.  XXII, 
figs.  14,  14a,  17a,  18a,  19a). 

(1)  Side  view  of  exterior. 

(2)  Brachial  view  showing  the  anteriorly  bifurcating 
costellae. 

(3)  Pedicle  view  showing  the  anteriorly  bifurcating 
costellae. 

(4)  Brachial  view  of  impression  of  interior  showing  the 
well  developed  median  septum  and  hinge  plate. 

(5)  Pedicle  view  of  impression  of  interior  showing  the 
deeply  impressed,  anteriorly  bifurcating,  dayiinid- 
type  muscle  field. 
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Plate  3.    Pentlandella  pentlandica  and  Catazyga  cf.  C.  anticostiensis 
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Plate  3 

Figures  1-2    Pentlandella  pentlandica  (Haswell,  1865) 
"Ludlow  Rock"  of  latest  Llandovery  or  Wenlock  age. 

"Deerhope  Burn,  Pentland  Hills."  Probably  collected  from 
the  west  side  of  the  North  Esk  River,  north  of  the  junction 
with  Henshaw  Burn,  Pentland  Hills,  Peebleshire,  Scotland. 
All  figures  are  copied  (x3)  from  Davidson  (1868,  PI.  XXII, 
figs.  16a,  15) . 

(1)  Interior  of  pedicle  valve  showing  the  deeply  im- 
pressed, anteriorly  bifurcating,  dayiinid-type  muscle 
field. 

(2)  Pedicle  view  of  impression  of  interior  showing  the 
deeply  impressed,  anteriorly  bifurcating,  dayiinid- 
type  muscle  field. 

Figures  3-9    Catazyga  cf.  C.  anticostiensis  (Billings,  1862) 
Ashgillian  outcrop,  about  100  yards  east  of  Pond  Pitch, 
Traveler  Mountain  quadrangle,  Penobscot  County,  Maine. 

(3)  Impression  of  interior  of  pedicle  valve  (x3).  Note 
the  subtrapezodial,  deeply  impressed  muscle  field. 
U.S.N.M.  No.  139894. 

(4)  Impression  of  exterior  of  brachial  valve  (x3).  Note 
the  low  rounded,  unbranched  costellae.  U.S.N.M. 
No.  139895. 

(5)  Posterior  view  of  impression  of  interior  (x3).  Note 
the  foramen  filling  of  the  cardinal  plate  and  the  broad 
myophragm  separating  the  adductor  impressions. 
U.S.N.M.  No.  139896. 

(6)  Posterior  view  of  impression  of  interior  (x3).  Note 
the  foramen  filling  of  the  cardinal  plate  and  the  broad 
myophragm  separating  the  adductor  impressions. 
U.S.N.M.  No.  139897. 

(7)  Impression  of  interior  of  brachial  valve  (x2).  Note 
the  broad  myophragm  separating  the  linear  adductor 
scars,  and  the  peripherally  impressed  radial  ornamen- 
tation.   U.S.N.M.  No.  139898. 

(8)  Impression  of  interior  of  pedicle  valve  (x2).  Note1 
the  subt  rapezoidal,  deeply  impressed  muscle1  field,  and 
the  slightly  expanded  umbonal  chamber.  U.S.N.M. 
No.  139899. 

(9)  Posterior  view  of  impression  of  interior  (x2).  Note 
the  impression  of  the  Stoul  hinge  teeth,  the  absence 
Of  dental  lamellae,  the  foramen  filling  of  the  cardinal 
plate,  and  the  broad  mvophragm  separating  the 
linear  adductor  scars.    r.s.N.M.  No.  139900. 
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Plate  4.    Catazyga  cf.  C.  anticostiensis 
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Plate  4 

Figures  1-10    Catazyga  cf.  C.  anticostiensis  (Billings,  1862) 

Rankin's  Ashgillian  outcrop,  about  100  yards  east  of 
Pond  Pitch,  Traveler  Mountain  quadrangle,  Penobscot 
County,  Maine. 

1-5  (1)  Pedicle  view  of  impression  of  interior  (x4).  Note 
the  subtrapezodial,  deeply  impressed  muscle  field.  (2) 
Brachial  view  of  impression  of  interior  (x4).  Note  the 
broad,  low  myophragm  and  the  linear  adductor  impres- 
sions. The  filling  of  the  cardinal  plate  foramen  is  prom- 
inent near  the  posterior.  (3)  Anterior  view  of  impres- 
sion of  interior  (x4).  Note  the  peripherally  impressed 
plications   and   the   rectimarginate   anterior  margin. 

(4)  Posterior  view  of  impression  of  interior  (x4).  Note 
the  broad,  low  myophragm,  and  the  stout  hinge  teeth. 

(5)  Side  view  of  impression  of  interior  (x4).  U.S.N.M. 
No.  139901. 

6-10  (6)  Side  view  of  impression  of  interior  (x3).  (7)  An- 
terior view  of  impression  of  interior  (x3).  (8)  Pos- 
terior view  of  impression  of  interior  (x3).  Note  the 
slightly  inflated  umbonal  chamber.  (9)  Brachial  view 
of  impression  of  interior  (x3).  Note  the  deformed  myo- 
phragm (a  small  piece  of  shell  still  adheres  to  the  beak 
region).  (10)  Pedicle  view  of  impression  of  interior 
(x3).  Note  the  subtrapezoidal,  deeply  impressed  muscle 
field    U.S.N.M.  No.  139902. 
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APPENDIX  III 


Fossil  localities  in  the  Presque  Isle  quadrangle 

The  locality  numbers  shown  on  Plate  1  and  used  in  the  text 
correspond  to  those  assigned  by  Forbes  to  his  collections  for  the 
Maine  Geological  Survey.  Many  of  these  localities  have  been 
assigned  other  numbers  by  previous  authors,  and,  wherever  pos- 
sible, these  equivalent  designations  are  cited  in  the  Appendix. 
In  addition  to  the  collections  described  in  the  text,  the  Appendix 
lists  a  number  of  collections  from  the  quadrangle  that  the 
authors  have  not  been  able  to  use  successfully  for  dating  pur- 
poses. 

Unit  Ovs 

Locality  C-6  South  side  of  road  from  Mapleton  passing 
south  of  Haystack  Mountain  (Ashland  Road)  at  a  Point 
1.0  miles  east  of  the  summit  of  Haystack  Mountain  — 
former  gravel-pit,  used  as  a  cesspool,  and  now  largely 
filled  in.    (Cloud,  1941,  Locality  20) 

Pyle  Mountain  argillite 

Locality  D-7  West  side  of  Castle  Hill  ridge  at  a  point  2.55 
miles  west  of  the  eastern  boundary  of  Castle  Hill  town- 
ship and  0.9  miles  south  of  the  northern  border  of  the 
township.  (Cloud,  1941,  Locality  50  =  U.  S.  G.  S.  No. 
3184 -SD) 

Locality  E-3  East  slope  of  Pyle  Mountain  approximately 
0.3  miles  south  of  a  point  on  the  road  from  Mapleton  to 
the  north  slope  of  Pyle  Mountain  at  its  intersection  with 
Turner  Road.  (Cloud,  1941,  Locality  67  =  U.  S.  G.  S. 
No.  3186 -SD) 

Locality  D-4  Ditch  south  of  road  20  yards  west  of  inter- 
section of  Turner  Road  with  the  road  from  Mapleton  to 
the  north  slopes  of  Pyle  Mountain.  (Cloud,  1941,  Locality 
66  =  U.  S.  G.  S.  No.  3189  -  SD     "Pyle  School"  locality  ) 

Locality  E-4  Ditches  on  both  sides  of  road  from  Mapleton 
south  of  Haystack  Mountain  (Ashland  Road)  on  east 
Blope  of  hill  1.05  miles  east  of  summit  of  Haystack  Moun- 
tain* 
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Locality  D-ll  In  field  760  feet  west  of  Turner  Road  at  a 
point  1.76  miles  north  of  road  from  Mapleton  to  north 
slopes  of  Pyle  Mountain.  (Cloud,  1941,  Locality  69  = 
U.  S.  G.  S.  No.  3183  -  SD) 

Unnamed  Silurian  limestone 

Locality  E-10  South  side  of  Mapleton  to  Presque  Isle  Road 
at  crest  of  large  hill  1.15  miles  east  of  railroad  overpass 
in  Mapleton. 

Locality  F-2  Bangor  and  Aroostook  Railroad  cut  northeast 
of  railroad  overpass  in  Mapleton  and  100  yards  east  of 
North  Branch  of  Presque  Isle  Stream.  (Cloud,  1941,  Lo- 
cality 23) 

Locality  E-8  Southeast  corner  of  large  outcrop  about  500 
feet  north-northwest  of  road  at  bend  0.15  miles  northeast 
of  crossing  of  Arnold  Brook  in  Spragueville.  (Cloud, 
1941,  Locality  10) 

Frenchville  formation 

Locality  E-2  West  slope  of  Castle  Hill  ridge  2.55  miles 
west  of  eastern  border  of  Castle  Hill  township  and  0.67 
miles  south  of  northern  border  of  the  township.  (Cloud, 
1941,  Locality  49) 

Locality  E-ll  Roadcut  on  northern  Presque  Isle-Ashland 
road  (Maine  227)  at  church  on  hill  west  of  Frenchville; 
1.9  miles  west  of  east  boundary  of  Ashland  township,  Ash- 
land quadrangle. 

Locality  E-12  Field  south  of  road  west  from  New  Sweden 
and  Sweden  towards  Blackstone  siding  at  eastern  edge  of 
Westmanland  township  and  0.7  mile  north  of  southern 
township  line  (Caribou  quadrangle). 

Perham  formation 

Locality  A-2  Near  stream  on  Dudley  Farm  1.45  miles  west 
of  the  railroad  overpass  in  Mapleton  and  0.4  miles  south 
of  the  road  from  Mapleton  to  the  north  slopes  of  Pyle 
Mountain.    (Cloud,  1941,  Locality  23) 

Locality  E-5  Crest  of  low  hill  1.6  miles  east  of  western 
border  of  Chapman  township  and  0.7  miles  south  of  north- 
ern border  of  the  township. 
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Locality  B-2  Crest  of  hill  on  Dean  Farm  1.9  miles  east  of 
the  western  border  of  Chapman  township  and  0.15  miles 
south  of  the  northern  border  of  the  township.  (Cloud, 
1941,  Locality  27  ?) 

Locality  E-9  Northeast  side  of  Spragueville  road  at  Lam- 
son  Brook  approximately  0.5  miles  west  of  the  village  of 
Spragueville. 

Locality  A-8  Southeast  slope  of  prominent  hill  about  0.5 
miles  east  of  western  border  of  Chapman  township  and 
about  0.7  miles  south  of  the  northern  boundary  of  the 
township.  (Cloud,  1941,  Locality  18  =  Littlefield  Farm 
locality  of  previous  authors) 

Locality  E-7  On  road  to  campsites  in  Aroostook  State 
Park  about  250  yards  west  of  bathing  beach  on  Echo 
Lake. 

Locality  C-2  Quarry  at  Chapman  Siding  west  of  West 
Chapman  road,  and  southwest  of  the  railroad  crossing 
at  Chapman  village.  Fossils  also  found  in  limestone 
breccia  in  stream  immediately  to  the  north.  (Cloud,  1941, 
Locality  17) 

Locality  D-12  About  0.4  mile  south  of  the  highway  from 
State  Road  to  Presque  Isle  and  250  feet  east  of  the  road 
to  Griffin  Ridge;  limestone  breccia.  (Cloud,  1941,  Lo- 
cality 60) 

Locality  C-8  On  Dudley  Farm  0.3  mile  south  of  road 
from  Mapleton  to  north  slopes  of  Pyle  Mountain,  and 
about  1.4  miles  west  of  the  railroad  overpass  in  Mapleton. 

In  addition  to  these,  Cloud  (1941)  reports  nearly  a  dozen 
graptolite  localities  within  the  Perham  formation  in  the 
area  southeast  of  Mapleton  and  in  the  vicinity  of  Haines 
Hill.  (Cloud,  1941,  Localities  13,  24,  25,  26,  27.  38,  39, 
61  and  64) 

Locality  E-13    At  bend  in  road  from  near  Haines  Hill  to 
Griffin  Ridge,  0.3  miles  south  of  northern  Presque  Isle 
Ashland  road    (Maine  227),  2A  miles  west   of  eastern 
boundary  of  Mapleton  township. 
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In  the  summer  of  1961  Dr.  W.  B.  N.  Berry  and  the  authors 
collected  graptolites  from  the  following  localities  within  the  Per- 
ham  formation.  At  the  same  time  Dr.  H.  B.  Whittington  found 
a  small  number  of  trilobites  from  the  first  locality  below.  These 
collections  have  not  yet  been  described,  but  on  the  basis  of  field 
identifications  they  do  not  appear  to  contradict  the  Lower  Lud- 
low age  assigned  to  the  upper  member  of  the  Perham  formation. 

Locality  D-9  South  side  of  Spragueville  Road  at  slight 
bend  in  the  road  0.5  mile  east  of  its  intersection  with 
East  Chapman  Road  at  a  point  1.4  miles  north  of  Hodge- 
don  School. 

Locality  B-9  Southwest  side  of  Spragueville  Road  about 
0.9  mile  east  along  the  road  from  its  intersection  with 
East  Chapman  Road  at  a  point  1.4  miles  north  of  Hodge- 
don  School. 

Locality  D-3  Northwest  side  of  road  from  Mapleton  south 
of  Haystack  Mountain  (Ashland  Road)  100  yards  south- 
west of  the  crossing  of  Dudley  Brook. 

Undifferentiated  rocks  of  Silurian  and  Ordovician  age: 
Castle  Hill  area 

Locality  D-8  At  bend  in  northern  part  of  Turner  Road 
2.3  miles  west  of  eastern  boundary  of  Castle  Hill  township 
and  0.5  mile  south  of  northern  boundary  of  the  township. 
(Cloud,  1941,  Locality  43  =t  Richardson  Hill  locality) 

Hedgehog  formation 

Locality  C-l  Outcrop  of  volcanic  ash  in  field  approxi- 
mately 0.2  mile  west-northwest  of  the  bend  in  the  road 
from  the  base  of  Edmund's  Hill  about  0.7  miles  north  of 
the  road  junction  at  the  base  of  the  west  slope  of  Ed- 
mund's Hill. 

Locality  B-3  Pile  of  boulders  at  the  road  junction  at  the 
foot  of  the  west  slope  of  Edmund's  Hill.  Shelly  fossils 
and  fossil  fragments  collected  from  loose  boulders  ap- 
parently originating  from  the  Hedgehog  formation. 

Cloud  (1941)  lists  several  other  collections  both  in  outcrop 
and  in  loose  boulders  in  the  fields  immediately  to  the  west  of 
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Edmund's  Hill.  (Cloud,  1941,  Localities  30,  31,  32,  34,  35,  36 
and  37) 


Swanback  formation 

Locality  D-10  About  0.7  mile  southeast  of  Bald  Knob  ap- 
proximately at  the  intersection  of  the  900  foot  contour 
line  with  the  southern  boundary  of  township  T  11  R  4. 

Chapman  sandstone 

Locality  E-6  On  west  slope  of  Edmund's  Hill  about  two- 
thirds  of  the  way  to  the  top  at  a  point  some  200  yards  east 
of  the  road  at  the  base  of  the  hill,  and  about  50  yards 
north  of  the  road  junction.  In  addition  to  collections  from 
outcrops  the  present  authors  and  previous  workers  have 
made  collections  from  loose  boulders  of  Chapman  sand- 
stone found  on  the  west  slope  of  the  hill. 

Locality  C-4  Carrier  Farm  approximately  100  yards  west 
of  the  East  Chapman  Road  at  a  point  about  1.25  miles 
north  of  the  southern  boundary  of  Chapman  township. 

Locality  C-7  At  Grindstone  on  Presque  Isle  Stream  on  east 
side  of  stream  0.6  miles  north  of  the  southern  boundary 
of  Chapman  township.  (Cloud,  1941,  Locality  1  = 
Grindstone  locality  of  previous  authors) 

In  addition  to  these  localities  Clarke  (1909)  reports  collec- 
tions made  by  O.  O.  Nylander  from  outcrops  in  burned-over  land 
southwest  of  Grindstone,  but  did  not  specify  the  exact  locations. 
The  collections  were  similar  to  those  from  Grindstone. 

Mapleton  sandstone 

Locality  C-9  Flagstone  quarry  just  south  of  road  one  mile 
north  of  Mapleton-Presque  Isle  Road,  and  1  Vi  mile  west 
of  the  eastern  boundary  of  Mapleton  township. 

Plant  fragments  may  be  found  in  boulders  of  Mapleton  lith- 
ology  throughout  the  Mapleton  township. 
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Type  Section  of  the  Perham  formation 

The  type  section  of  the  Perham  formation  is  located  on  the 
Holster  Blackstone  farm  in  the  southwest  part  of  the  Woodland 
township,  1.36  miles  north  of  the  southern  boundary  of  the  town- 
ship, Caribou  quadrangle.  It  is  measured  from  east  to  west  be- 
ginning 140  feet  west  of  a  road  0.53  miles  east  of  the  western 
boundary  of  Woodland  township.  The  exposures  are  in  the  ditch 
of  a  farm  road.  The  action  of  unusually  heavy  rains  had  ex- 
posed considerably  more  of  the  section  than  would  probably  be 
visible  in  a  normal  year. 

The  section  was  discovered  in  1962  by  Mr.  Douglas  Smith 
(Harvard  University)  and  was  described  by  him  and  Nay  lor. 
Although  the  section  is  not  complete,  it  is  superior  to  any  ex- 
posed section  of  the  Perham  formation  in  the  Presque  Isle  quad- 
rangle. It  lies  ll/2  miles  north  of  the  Presque  Isle  quadrangle, 
but  may  be  correlated  with  exposures  of  the  Perham  formation 
there  by  the  following  arguments: 

(1)  similarity  of  rock  type 

(2)  similarity  of  stratigraphic  succession 

(3)  continuity  of  the  belt  of  exposure  with  the  Perham 
exposures  in  the  Presque  Isle  quadrangle. 

Approximately  1000  feet  of  the  upper  member  of  the  Per- 
ham formation  lies  above  the  upper  part  of  the  measured  section. 
Distances  were  measured  by  pacing. 

DESCRIPTION  OF  SECTION 

Total 
Thickness 
Thickness  from  base 

Description  (feet)     of  Perham 

formation 
(feet) 

Base  of  section  (140  feet  west  of  road) 

Ribbon  rock  member  of  Meduxnekeag  formation 

Dark  blue-gray,  brown-weathering  limestone  with  fine, 
contorted  laminations;  dark  gray-brown,  glossy,  paper 
shale;  4 

Perham  formation,  Lower  member 

gap  3  3 
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Total 
Thickness 
Thickness  from  base 

Description  (feet)    of  Perham 

formation 
(feet) 

Bark  gray,  brown-weathering  shale  30  33 

gap  210  243 

Dark  gray,  noncalcareous  shale  25  268 

Dark  gray,  noncalcareous  shale  containing  tabular  sub- 
angular  fragments  of  compact  silty  mudstone  about 
4  inches  maximum  dimension,  concentrated  in  two  3 
foot  beds  25  293 

Gray  and  greenish-gray,  noncalcareous,  uniform  shale 
with  sporadic  %  to  V2  inch  thick  beds  of  jointed, 
sandy  siltstone  400  693 

Gray  and  greenish-gray,  noncalcareous,  uniform  shale 
with  sporadic  Vs  inch  thick  lenses  of  siltstone;  40% 
exposed  in  interval  250  943 

gap  290  1233 

(crest  of  gentle  rise) 

gap  200  1433 

Greenish-gray,  noncalcareous,  compact  argillite  with  spor- 
adic fine  silty  laminae  3  1436 

gap  70  1506 

Gray  to  purple-gray,  manganiferous,  non-laminated,  non- 
calcareous argillite,  with  minor  %  inch  interlayers 
of  silty  mudstone  3  1509 

gap  16  1525 

Perham  formation,  Upper  member 

Gray,  finely  laminated  siltstone,  locally  orange  weathering        2  1527 

Gray,  finely  laminated,  orange-brown  weathering,  slightly 

sandy  siltstone  bearing  Monograptus.    Locality  PV.  3  L530 

Gray,  faintly-  or  non-laminated,  slightly  silty,  slightly  cal- 
careous mudstone  in  beds  V2  to  20  inches  thick; 
strongly  laminated,  sandy,  orange-brown  weathering 
siltstone  in  beds  Yz  to  6  inches  thick;  minor  3  inch 
beds  of  gray-brown  sandstone;  50' ;  exposed  in  inter- 
val 70  1600 

gap  150  1750 

Gray,  faintly  laminated  shale  in  layers  %  to  2  inches  thick 
interbedded  with  %  to  2  inch  thick  layers  of  sandy 
siltstone  with  well  marked  laminations,  some  beds 
rust-browil  weathering;  509S  exposed  in  interval  SO  L880 

Gray,  finely  laminated,  slightly  calcareous,  silty  mud- 
stone in  beds  1  to  2  V-z  feet  thick,  with  %  inch  inter- 
layers of  fine,  white,  sandstone;  laminations  contorted 
in  10'/  of  beds  6  L886 
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Description 


Total 
Thickness 
Thickness  from  base 
(feet)    of  Perham. 
formation 
(feet) 


gap  2  1838 

Gray-brown,  silty,  brown-weathering,  deeply  weathered 
shale  in  beds  4  to  30  inches  thick;  4  inch  beds  of 
slightly  calcareous,  finely  laminated,  sandy,  brown 
siltstone;  minor  lenses  gray  argillaceous  limestone; 
50%  exposed  in  interval  90  1928 

gap  270  2198 

Gray  and  gray-brown  shale  in  12  to  18  inch  beds,  inter- 
bedded  with  1  to  4  inch  beds  of  slightly  calcareous, 
finely  laminated,  silty  mudstone  32  2230- 

Total  thickness  of  Upper 
Perham  member  measured  705 
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